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Description 

Field of the Invention 

[0001] The present invention relates to a non-contact 
proximity sensor and, more particularly, a proximity sen- 
sor having an increased sensing range and capable of 
sensing magnetic, ferromagnetic, and conductive tar- 
gets. 

Background of the Invention 

[0002] A proximity sensor is a device used to detect 
the presence of an object. The design of a proximity sen- 
sor can be based on a number of principles of operation, 
some examples include: variable reluctance, eddy cur- 
rent loss, saturated core, and Hall effect. Depending on 
the principle of operation, each type of sensor will have 
different perfomiance levels for sensing different types 
of objects. In particular, saturated core and Hall effect 
sensors are primarily used to detect the presence of 
magnetic objects, while variable reluctance and eddy 
current loss sensors are primarily used to detect the 
presence of metal objects. 

[0003] Saturated core sensors are known In the prior 
art. Such proximity sensors typically Include a core 
made from a material that will magnetically saturate 
when exposed to a magnetic field of a certain flux den- 
sity. As a magnetic object is moved toward the core as- 
sembly, a distance is reached where the magnetic field 
of the object finds the core to be the smallest reluctance 
path. As a result, the flux of the field enters the core and, 
as the distance is decreased the flux density Increases 
and eventually saturates the core. The saturation of the 
core causes the impedance of the coil to decrease. By 
measuring changes in the impedance of the coil, the 
presence of the magnetic object may be detected. 
[0004] One example of a saturated core sensor can 
be found in U.S. Patent No. 4,719.362 to Nest et al. ("the 
Nest Patenr). The Nest patent discloses an inductive 
proximity sensor having a core, a conductive coil, and 
an oscillator circuit. The core is made from a metal that 
magnetically saturates when exposed to the magnetic 
field of a target. 

[0005] Variable reluctance sensors are also known in 
the prior art. Such proximity sensors typically include a 
U-type core and coils wound around the core legs. Other 
typical shapes of variable reluctance proximity sensors 
cores include: Pot cores, pins, T-cores. E-cores and 
plates. These devices also typically include an electron- 
ic drive device for producing an oscillating electromag- 
netic field around the coil. Square waves, sine waves, 
trapezoidal waves, and other unique wave shapes have 
been used to interface to these sensors. As a permeable 
object is moved toward the variable reluctance proximity 
sensor, the permeable object reduces the reluctance of 
the electromagnetic system, and this variation in the re- 
luctance is measured as a change in the inductance and 



AC resistance of the coil. When the permeable object 
moves toward a variable reluctance sensor, the Induct- 
ance and AC losses of the coil increase. 
[0006] In some designs, two coils are used, one to 

5 produce the electromagnetic field and another to meas- 
ure the variations in the reluctance. In conventional var- 
iable reluctance proximity sensors, it has been common 
practice to use a ferrite core. The sensing coils are 
placed on the core to optimize the magnetic field extend- 

10 ing to the target material. The core is shaped to contain 
and extend the electromagnetic field surrounding the 
coil In a sensing direction or to concentrate or channel 
the field in other directions, such as behind and to the 
sides of the coil. One example of a variable reluctance 

15 sensor is shown in U.S. Patent No. 4,387,339 to Aker- 
blom ("the Akerblom patent"). The Akerblom patent dis- 
closes an apparatus for measuring the distance be- 
tween two moving objects. 

[0007] Eddy cun-ent sensors are also known In the pri- 
20 or art. Such proximity sensors have a similar design to 
variable reluctance sensors In that they typically include 
Pot cores or U-type core, a coil wound around the center 
post of the core or the core legs, and an oscillator for 
producing an oscillating electromagnefic field around 
25 the coil. As with the variable reluctance proximity sen- 
sor, the eddy current sensor detects the presence of a 
conducting object by measuring the real and Imaginary 
AC losses of the coil; however, in this design. If the target 
material is only conductive, the inductance of the coil 
30 decreases as the object is moved toward the target. 

Summary of the Invention 

[0008] The present Invention provides a proximity 

35 sensor that operates as a saturable core proximity seri- 
sor, a variable reluctance proximity sensor, and an eddy 
current proximity sensor. In the preferred embodiment, 
the core is made of a highly permeable metal. The pre- 
fen-ed embodiment provides a durable, low cost, light- 

40 weight proximity sensor with increased sensitivity and 
additional manufacturing benefits. 
[0009] The precision shaped metal core and the sup- 
porting assembly are designed to optimize the sensitiv- 
ity of the device in three modes of operation. In one 

45 mode of operation, the proximity sensor is used to detect 
the presence of a magnet. When the magnet approach- 
es the sensor, the unique shape and dimensions of the 
core allow for easy saturation of the core In the magnetic 
field. When the magnet is close to the sensing device, 

50 the core saturates and significantly changes the Imped- 
ance of a coil configured around the core. A first sensing 
circuit connected to the coil is used to detect variations 
in the impedance and configured to provide a signal to 
indicate the presence of a magnetic object when the coll 

55 impedance fluctuates. 

[0010] In a second mode of operation, the proximity 
sensor is used to detect the presence of ferromagnetic 
metals objects, also referred to as permeable metals. In 
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this mode, the coils around the core provide a source 
fieid and also provide a means for measuring variations 
in source field. When a permeable object moves Into the 
source field, the inductance of the coil increases. A sec- 
ond sensing circuit connected to the coll is used to de- 5 
tect variations in the inductance of the coil and config- 
ured to provide a signal to indicate the presence of a 
ferromagnetic target when the coil inductance fluctu- 
ates. The highly pemieable steel sensor core provides 
a design with Increased sensitivity for detecting fero- 
magnetic objects at increased ranges. 
[0011] In a third mode of operation, the proximity sen- 
sor is used to detect the presence of conductive objects, 
such as copper or aluminum. In this mode, the induct- 
ance of the coll decreases when a conductive object >5 
moves Into the source field. The second sensing circuit 
connected to detect variations in the inductance of the 
coil. Similar to the variable reluctance mode, when a 
permeable object moves into the source field, the in- 
ductance of the coil increases. A second sensing circuit 20 
connected to the coil is used to detect variations in the 
Inductance of the coll and configured to provide a signal 
to indicate the priesence of a ferromagnetic target when 
the coil Inductance fluctuates. The highly penneable 
steel sensor core also provides a design with increased 25 
sensitivity for detecting conductive objects at increased 
ranges. 

[0012] A specific core design that can be used in the 
present invention is a thin, highly permeable metal that 
Is preferably formed from a single piece of sheet metal. 30 
The core comprises a substantially flat, rectangular 
member bent in four locations to form a shape that re- 
sembles a rectangular Greek omega character having 
a head, two legs, and two feet. The bends are right an- 
gles with 60 degree bend radii so that the head is per- 35 
pendicular to the two legs, and the two legs are perpen- 
dicular to the two feet. The two feet are parallel to each 
other, occupy a common plain and also parallel to the 
head. 

[0013] The core Is positioned in a housing with two 40 
inductive coils, each coil being positioned around one 
of the feet of the core. Another embodiment of the 
present invention also provides a core and coil assem- 
bly with a calibration bolt that is placed through the cent- 
er of the core to adjust the Inductance range of the prox- 45 
imity sensor. 

[0014] The thin metal structure of the core also pro- 
vides many other benefits in the manufacturing process 
of the proximity sensor. Specifically, the thin metal core 
allows for a more efficient manufacturing process that so 
does not require a considerable amount of machine 
work, as compared to the prior art U-type metal cores. 
The core design also provides a rugged, lightweight 
structure that is not susceptible to great temperature 
fluctuations. Another advantage of the present invention ss 
is that it can be used as a permeable metal target sen- 
sor, an eddy-current-loss sensor, or a magnetic field 
. sensor without the need of special preparations to 
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switch the detectors for different types of applications. 
The proximity sensors of the present invention also pro- 
vide a core design with increased sensitivity while hav- 
ing a design that is produced In a sufficiently small size. 

Brief Description of the Drawings 

[0015] The foregoing aspects and many of the attend- 
ant advantages of this invention will become more read- 
ily appreciated as the same become better understood 
by reference to the following detailed description, when 
taken in conjunction with the accompanying di-awlngs, 
wherein: 

FIGURE 1 is a top front perspective of one embod- 
iment of a proximity sensor utilizing an omega core 
in accordance with the present invention; 
FIGURE 2 is a section along line 2-2 of FIGURE 1 ; 
FIGURE 3 is a top rear perspective of the proximity 
sensor of FIGURE 1 , with parts shown |n exploded 
relationship; 

FIGURE 4A is an enlarged perspective of the core 
used in the proximity sensor of FIGURES 1-3; FIG- 
URE 4B is a side elevation of FIGURE 4A; FIGURE 
4C Is an end elevation thereof; FIGURE 4D is a bot- 
tom plan thereof; FIGURE 4E Is a longitudinal ver- 
tical section thereof; 

FIGURE 5 is a section corresponding to FIGURE 2, 
but showing another embodiment of a proximity 
sensor in accordance with the present invention; 
FIGURE 6A is an enlarged perspective of the core 
used in the proximity sensor of FIGURE 5; FIGURE 
68 is a side elevation of FIGURE 6A; FIGURE 6C 
is an end elevation thereof; FIGURE 6D Is a bottom 
plan thereof; 

FIGURE 7 is a somewhat diagrammatic top plan of 
a proximity sensor in accordance with the present 
invention adjacent to a magnetic target; 
FIGURE 8 is a graph of the impedance of the sensor 
coils as a function of the distance between the mag- 
netic target and the proximity sensor of FIGURE 6; 
FIGURE 9 is a somewhat diagrammatic top plan of 
a proximity sensor in accordance with the present 
invention adjacent to a permeable target; 
FIGURE 10 is a graph showing the sensitivity of the 
sensor coils versus the distance between the per- 
meable target as the proximity sensor is used in the 
variable reluctance mode; 

FIGURE 11 is a graph showing the sensitivity of the 
sensor coils versus the distance between the per- 
meable target as the proximity sensor is used in the 
eddy current loss mode; 

FIGURE 12 is a side view of another embodiment 
of a proximity sensor utilizing a cup core in accord- 
ance with the present invention; 
FIGURE 13A is a section along line 13A-13A of 
FIGURE 12, FIGURE 138 is a top rear perspective 
of the proximity sensor of FIGURE 12 with parts 
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shown in exploded relationship; 
FIGURE 14A is a side elevation of the core used in 
the proximity sensor of FIGURE 12; FIGURE 14B 
is a section along line 14B~14B of FIGURE 14A; 
FIGURE 15A is an axial section of yet another em- 
bodiment of a proximity sensor utilizing a cup core 
in accordance with the present invention; and FIG- 
URE 158 is a top front perspective of the embodi- 
ment of a proximity sensor of FIGURE 15A with 
parts shown in exploded relationship; 
FIGURE 16 is a diagrammatic side elevation of a 
proximity sensor in accordance with the present In- 
vention adjacent to a magnetic target with parts bro- 
ken away; 

FIGURE 17 is a graph of the impedance of the sen- 
sor coils as a function of the distance between the 
magnetic target and the proximity sensor of FIG- 
URE 16; 

FIGURE 18 is a diagrammatic side elevation of a 
proximity sensor in accordance with the present in- 
vention adjacent to a permeable target with parts 
broken away; and 

FIGURE 19 is a graph showing the sensitivity of the 
sensor colls of a proximity sensor versus the dis- 
tance between the permeable target as the proxim- 
ity sensor is used in the variable reluctance mode. 

Detailed Description of the Preferred Embodiment 

[001 6] While advances have been made in the design 
of proximity sensors to improve their range and sensi- 
tivity, improvements of the various proximity sensors 
have not focused on providing a proximity sensing de- 
vice that operates efficiently under different principles of 
operation. More specifically, prior art proximity sensors 
that have been developed to operate as a variable re- 
luctance sensor do not operate efficiently as a saturated 
core sensor. Accordingly, prior art proximity sensors that 
have been designed to operate as a saturated core sen- 
sor do not operate well as a variable reluctance sensor. 
The present invention provides a core design that is able 
to operate under both principles of operation and pro- 
vide a core design that also operates as an eddy current 
loss sensor. The present invention provides a highly 
sensitive, low cost, rugged core design that can operate 
under different principles of operation and that can de- 
tect multiple classes of target materials. In particular, the 
present invention provides a proximity sensor that is of 
a relatively straightfonward structure that makes use of 
elements common to existing sensors, and adapted to 
accommodate magnetic and non-magnetic metal ob- 
jects. 

[0017] In addition, the present invention provides a 
core design with an extended sensing field without the 
need of a ferrite material or machined metal core. Prox- 
imity sensors that use ferrite cores have a degradation 
in their performance due to fluctuations in operating 
temperatures, age and particular material properties, 



such as brittleness and variance in initial material con- 
ditions. Other proximity sensors using a machined metal 
or metal laminated cores have been used in the art; how- 
ever, these core designs are typically more difTicult and 
5 more expensive to manufacture. The core design of the 
present invention using a thin permeable material pro- 
vides increased performance as well as providing other 
manufacturing benefits. 

[0018] The present invention provides a proximity 

10 sensor that operates as a saturable core proximity sen- 
sor, a variable reluctance sensor, and an eddy current 
loss sensor. In one mode of operation, the proximity sen- 
sor is used to detect the presence of a magnet. In an- 
other mode of operation, the proximity sensor is used to 

15 detect ferromagnetic objects or permeable targets. In 
yet another mode of operation, the proximity sensor is 
used to detect conductive targets such as copper or alu- 
minum, along with any combination thereof. Target ma- 
terial recognition, and combining materials In a target 

20 are common methods of improving discriminating func- 
tions. The structure and methods of different embodi- 
ments of the present invention will become more readily 
apparent from the following detailed description, when 
taken in conjunction with the accompanying drawings. 

25 [0019] With reference to FIGURES 1 and 2, a first em- 
bodiment of a proximity sensor 100 in accordance with 
the present invention includes a housing 102 having a 
target-facing front surface 104 and four sidewalls 106 
extending at right angles from surface 104. The side- 

30 walls 106 and front surface 104 form a hollow interior 
region in the housing 102. As shown diagrammatically 
in broken lines in FIGURE 1 , a sensing region 200 ex- 
tends out from the target-facing front surface 104 In a 
generally hemispherical shape. For example, In a rep- 

35 resentative embodiment, the proximity sensor 100 can 
have an effective sensing range of approximately 0.8 
inches in the Y direction (around to the front 104) and 
an effective range diameter of approximately 1 .5 inches 
in the X-Z plane (parallel to the surface 104). The prox- 

40 imity sensor 100 in FIGURE 1 is effective for detecting 
magnetic, permeable, and non-permeable conductive 
metallic targets In the sensing region 200. 
[0020] The housing 102 includes two flanges 108 ex- 
tending outward from the opposite sidewalls 1 06. The 

45 flanges 108 have apertures 110 to permit the proximity 
sensor 1 00 to be mounted on a support member by the 
use of bolts or screws, such as on a frame or sash for 
a closure member. The housing 102 is preferably made 
from a durable, non-magnetic material having a fairly 

50 low electrical conductivity, i.e., a conductivity level ap- 
proximate to titanium. It is preferred that a physically 
strong, low conductivity, non-corrosive and non-mag- 
netic material, like titanium or stainless steel be used in 
the construction of housing 102. However, to maximize 

55 the performance of the proximity sensor, other noncon- 
ducting materials such as formable plastics can be used 
to construct the housing 102. The performance of the 
sensor increases as the conductivity of the housing 102 
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decreases. The use of a highly conductive material 
should be avoided because eddy currents may form on 
the housing surface and reduce the effective range 200 
of the proximity sensor 100. In addition, the use of fer- 
romagnetic materials should be avoided because the 
housing 102 may contain the sensing field produced by 
the proximity sensor 100. 

[0021] The housing 102 also includes a rear opening 
to the hollow interior for the insertion of the internal com- 
ponents. Refening now to FIGURE 3. the proximity sen- 
sor 100 is assembled by sliding the two insulators 116 
into the opening of the housing 102. The two insulators 
116 are preferably constructed from a non-conductive 
material such as plastic or Mylar with a thickness ap- 
proximate to three Mils. The two insulators 116 may be 
molded In a cup shaped form to provide an insulating 
shield between two coll assemblies 118 and the housing 
102. 

[0022] The two coil assemblies 118 are then insisrted 
Into the two insulators 1 1 6. The two coil assemblies 118 
comprise a plurality of turns of a relatively fine copper 
wire with a prefen-ed gauge of thirty-seven. Although a 
gauge of thirty-seven is preferred, the two coil assem- 
blies 118 may be constructed from any insulated wire 
material with a gauge range from twenty-six to fifty. From 
a view looking into the opening of the housing 102. the 
coil assemblies are formed by turning the wire of one 
coil in a clockwise direction and by turning the wire of 
the second coil In a counterclockwise direction. Either 
coil may have the wire turn in the clockwise direction so 
long as the wire in the other coil Is tumed In the opposite 
direction. One wire from one coil should be connected 
to one wire from the other coll to create a closed loop 
circuit between the two coils. The other two open ends 
of each coil are connected to electrical contacts In an 
external connector 140. 

[0023] The closed loop circuit formed by the coil wires 
Is connected to a circuit 101 external to the housing 102. 
Two different circuits can be connected to the two coil 
assemblies 118 through the extemal connector 140 to 
accommodate three modes of operation. For the satu- 
rated core mode of operation, the closed circuit created 
between the two coil assemblies is connected to a circuit 
that has the capability of measuring the impedance of 
the two coils. This arrangement allows the proximity 
sensor 100 to detect the presence of magnetic targets. 
The impedance measuring circuit used In this configu- 
ration can be similar to a circuit that is commonly used 
in the art to measure Impedance, such as an impedance 
meter. 

[0024] In the other two modes of operation, the closed 
loop circuit created between the two coil assemblies is 
connected to a circuit having the capability to detect in- 
ductance of the two colls and to provide an alternating 
current to the two colls. This arrangement allows the 
proximity sensor 100 to detect the presence of perme- 
able and conductive objects by sensing variations In the 
Inductance of the two colls. The inductance measuring 
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circuits used in these configurations are similar to those 
circuits that are commonly used in the art to operate 
common variable reluctance and eddy current loss prox- 
imity sensors, or again, an impedance meter. 
5 [0025] The two coil assemblies 118 are also suitably 
formed in a rectangular configuration to accommodate 
the insertion of the core's foot portions. As described 
below, one embodiment of the core 120 has foot por- 
tions having a width of 0.292 inches and a length of 
0.275 Inches, thus the core should have a center open- 
ing of approximately 0.302 by 0.285 Inches. The height 
of the coil in this embodiment should be approximately 
0.250 inches. 

[0026] After the two coil assemblies 1 1 8 are inserted, 
the core 120 is placed into the housing 102, such that 
the legs of the core 120 fit tightly Into the openings of 
the two coil assemblies 118. FIGURES 4A-4E illustrate 
various views of the core 120 to show the unique as- 
pects of Its design. The core 120 comprises a substan- 
tially flat, rectangular member bent In four locations to 
form a shape that resembles a rectangular Greek ome- 
ga character having a head portion 220, two legs 222. 
and two foot portions (feet) 224. The bends are at right 
angles so that the head portion 220 is perpendicular to 
the two legs 222. and the two legs are perpendicular to 
the two feet 224. The two feet 224 are parallel to each 
other and coplanar. extend oppositely from the respec- 
tive legs. Both feet portions 224 are also parallel to the 
head portion 220. 

[0027] The head portion of the core 220 has a pre- 
fen-ed width of 0,370 inches and a preferred length of 
0.39 inches. The two legs 222 that extend at right angles 
from the head portion 220 have a preferred width of 
0.292 Inches and a preferred length of 0.300 inches. The 
two feet 224 extend away from each other and have a 
preferred length of 0.275 inches and preferred width of 
0.292 inches. As illustrated in FIGURE 4B, if the omega 
shaped core is positioned to stand on the two feet 224, 
the core would have a height of 0.320 inches and a total 
length of 0.94 Inches. 

[0028] FIGURES 4A-4E also show that the top sec- 
tion of each of the two legs has a width equal to the width 
of the head portion 220, and the bottom section of each 
leg has a width that Is more narrow than the width of the 
top section. The wider top section should extend down 
each leg approximately 0.050 inches. Accordingly, the 
narrow, bottom section of the each leg should extend 
down the remaining portion of each leg having a length 
of approximately 0.250 inches. 

[0029] FIGURE 4E is a side section of the core 120 
illustrating the orientation of the above-described core 
220 components. More specifically. FIGURE 4E illus- 
trates that a section of the core comprises a head portion 
220, two legs 222, and two foot portions (feet) 224. As 
shown In FIGURE 4E, the section of the core illustrates 
that the two tegs 222 extend in a plane that is at a right 
angle from the plane created by the head portion 220. 
In addition, the two feet 224 extend away from each oth- 



EP 1 264 404 B1 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 264 404 B1 



10 



er and each foot creates a plane that is preferably par- 
allel to one another and parallel to the plane created by 
the head portion 220. 

[0030] The core 120 Is preferably constructed from a 
highly permeable material such as soft iron, cast iron, 
transformer steel, or any other like material. The relative 
permeability should be at least 10,000. Although a rel- 
ative permeability is suggested to be at least 10,000, 
higher values are desired to increase the sensor's per- 
formance. One material that is preferred is referred to 
in the art as HyMu "80*'®, available from Carpenter Steel 
Company of New Jersey. It Is also preferred to form the 
core from one piece of metal with a thickness of approx- 
imately 0.020 inches. Although this embodiment shows 
a core with a thickness of 0.020 inches, the core thick- 
ness can range from 0.0005 to 0.050 inches. 
[0031] With reference to FIGURES 4A-4E. each of the 
four bends in the metal sheet that make up the core 120 
should have a radius of 0.060 inches In the preferred 
embodiment. More specifically, the arc of each bend 
should form a quarter circle having a radius of 0.060 
inches. These precise bends apply to the bends be- 
tween all surfaces of the core 120: In addition, it is also 
important to note that the corners 226 of the core also 
require a radial measurement. Each comer 226 should 
have a curvature that creates an arc with a maximum 
radius of 0.020 inches. Accordingly, all corners or edges 
that form a sharp edge should be ground down or prop- 
erly finished as sharp comers on the core will reduce the 
sensing performance. The tolerances for these radius 
bends and the core measurements listed above are 
±0.005 inches for linear measurements and ±5 degrees 
for the right angle bends. 

[0032] Since cold bends in the metal change the mag- 
netic properties of the core, an annealing process 
should be applied to the core to properiy complete Its 
construction. Thus, after the bends are made, the core 
should be cleaned such that all contaminants such as 
oil, grease, lacquer, and water, are removed from the 
core surface, in addition, the core should not be ex- 
posed to carbon, sulfur, or nitrogen during the annealing 
process. Once properiy cleaned, the core is preferably 
annealed in an oxygen free, dry hydrogen atmosphere 
with a dew point below -40 degrees Celsius during the 
entire hydrogen annealing stage. If multiple cores are 
annealed at this part of the process, an insulating pow- 
der should be used to keep the cores from touching oth- 
er cores or other objects. Preferred insulating powders 
Include: magnesium, aluminum oxide, clean ceramic 
paper or an equivalent clean ceramic material. 
[0033] The core should be annealed for seven to eight 
hours at temperature range between 1121 to 1177 de- 
grees Celsius. After the seven to eight hour period, the 
core should be furnace cooled to a temperature approx- 
imate to 593 degrees Celsius. Once the core is cooled 
to 593 degrees Celsius, the core should be cooled at a 
rate between 260 and 316 degrees Celsius per hour to 
371 degrees Celsius and then furnace cooled until a 



room temperature is reached. 

[0034] Returning to FIGURE 3. after the core 120 is 
placed into the housing 102, a spyder 122 is inserted on 
top of the core 120 to affix the core 120 and the two coll 
s assemblies 118. The spyder 122 is preferably made 
from a nonconductive material such as a glass filled pol- 
ymer. An adhesive can be used to secure the spyder 
122 to the coils 118. A spring 124 and washer 126 are 
then placed on the spyder 122 and a snap ring 128 is 
used to secure the spring 124 and washer 126 to the 
spyder 122. Machined groves lined in the inside wall of 
the housing 102 receive the snap ring 128 to hold the 
snap ring 128 down onto the washer 126 and spring 124. 
[0035] The cover 1 30 can be affixed to the housing 
1 02 by a metal welding with a minimum weld penetration 
of 0.010 Inches. Similar to the housing 102, the cover 
1 30 Is preferably made from a non-magnetic material 
with low conductivity such as titanium or stainless steel. 
[0036] A proper seal between the metal cover 1 30 and 
the metal housing 102 prevent adverse effects caused 
by lightning strikes or other external sources of electrical 
current. This allows the proximity sensor 1 00 to provide 
consistent, repeatable proximity detection information 
even in the presence of relatively strong electromagnet- 
ic fields generated by current from a source external to 
the sensor assembly. For Instance, when proximity sen- 
sor 100 is installed in an aircraft, the latter may be sub- 
jected to lightning strikes having a peak current of 200 
KA or more. This current, which sheets along the outer 
skin of the aircraft, generates electromagnetic fields 
having an intensity of 10,000 amps/M or more, which 
fields may intercept the proximity sensor 100 when po- 
sitioned adjacent to the outer skin of the aircraft. Such 
fields could temporarily adversely affect the operation 
of proximity sensor 100 by saturating core, thereby 
causing the Inductance of coil to decrease to a level in- 
dicative of a magnetic target. 

[0037] The embodiment of proximity sensor 1 00 in ac- 
cordance with the present invention shown In FIGURE 
5 is constructed in a manner similar to the proximity sen- 
sor shown in FIGURES 2 and 3. The main difference in 
the embodiment of FIGURE 5 is that a calibration bolt 
132 is inserted through the center of the core 120'. The 
calibration bolt 1 32 is used to change the level of induct- 
ance that is measured from the coils to accommodate 
the external circuitry. 

[0038] Much like the material of the core 120', the cal- 
ibration bolt 132 is preferably constructed from a highly 
permeable material such as soft iron, cast iron, trans- 
former steel, or any other like material. The calibration 
bolt 1 32 should have a relative permeability of approxi- 
mately 90 or higher. As with the material of the core 1 20', 
the performance of the device is increased as the rela- 
tive penmeability of the calibration bolt 132 is increased. 
[0039] As shown in FIGURE 5. the calibration bolt 1 32 
should be positioned to extend through the center of the 
core 120' and into a hole 121 in the center of the spyder 
1 22. The calibration bolt 1 32 should be positioned such 
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that it is substantially perpendicular to the head surface 
of the core 120'. The calibration bolt 132 can be formed 
into a threaded screw to facilitate the calibration proc- 
ess. 

[0040] The core utilized in the embodiment employing 
the calibration bolt 132. shown in FIGURES 6A-6D, is 
similar to the core of FIGURE 4A-4D. The core 120' of 
FIGURES 6A-6D comprises a substantially flat, rectan- 
gular member bent in four locations to form a shape that 
resembles a rectangular Greek omega character having 
a head portion 220', two legs 222', and two foot portions 
(feet) 224'. The core of FIGURES 6A-6D also comprises 
an aperture in the center of the head portion 220* sized 
to receive the calibration bolt 1 32. In addition, the center 
of the head portion 220' has an extended width to pro- 
vide additional strength to the core's structure and to im- 
prove the sensitivity of the proximity sensor. 
[0041] The core 120' of FIGURES 6A-6D is also 
shaped with bends at right angles so that the head por- 
tion 220' is perpendicular to the two legs 222', and the 
two legs are perpendicular to the two feet 224'. The two 
feet 224' are parallel to each other and coplanar, extend 
oppositely from the respective legs. Both feet portions 
224' are also parallel to the head portion 220'. 
[0042] The top section of each of the two legs has a 
width equal to the width of the head portion 220'. and 
the bottom section of each leg 222' has a width that Is 
more narrow than the width of the top section. The wider 
top section should extend down each leg approximately 
0.050 inches. Accordingly, the more narrow bottom sec- 
tion of the each leg should extend down the remaining 
portion of each leg having a length of approximately 
0.250 inches. 

[0043] Similar to the core 120 of FIGURES 3A-3P, 
each of the four bends In the metal sheet that make up 
the core 1 20' should have a precise radius bend of 0.060 
inches. More specifically, the arc of each bend should 
form a quarter circle having a radius of 0.060 inches. 
These precise bends apply to the bends between all sur- 
faces of the core 120'. In addition, it is also important to 
note that the comers 226' of the core also require a ra- 
dial measurenient. Each comer 226' should have a cur- 
vature that creates an arc with a maximum radius bend 
of 0.020 inches. Accordingly all comers or edges that 
form a sharp edge should be ground down or properly 
finished, as sharp corners on the core will reduce the 
sensing performance. The tolerances for these radius 
bends and the core measurements listed above are 
±0.005 Inches for linear measurements and ±5 degrees 
for the right angle bends. 

[0044] As described above, the proximity sensor 100 
is used to detect three different types of objects. In one 
mode of operation, the proximity sensor 100 Is used to 
detect the presence of objects that emit a magnetic field 
such as a magnetically charged iron. When used In this 
mode of operation, the proximity sensor 100 operates 
as a saturated core sensor. In another mode of opera- 
tion, the proximity sensor 100 Is used to detect the pres- 



ence of permeable objects, also known as ferromagnet- 
ic metals. When used in this second mode of operation, 
the proximity sensor 100 operates as a variable reluc- 
tance sensor. In yet another mode of operation, the 
5 proximity sensor 100 is used to detect the presence of 
conductive metals or nonferrous objects such as alumi- 
num, copper, brass or other like metals. When used in 
this third mode of operation, the proximity sensor 100 
operates as an eddy current loss sensor. 
[0045] FIGURE 7 illustrates the proximity sensor 100 
used as a saturated core sensor to detect a magnetic 
object 301 . The target facing surface 1 04 of the proxim- 
ity sensor 100 is directed toward a magnetic object 301 
producing a magnetic field 302. As the magnetic object 
301 moves toward the proximity sensor 100, a point is 
reached where flux lines 302 begin to enter the core 120 
and follow the core as the least reluctant path. As the 
proximity sensor 100 Is moved deeper into the magnetic 
field, the core 120 begins to react to the magnetic field, 
thus changing the impedance value of the coils sur- 
rounding the core 120. Eventually, the core reaches a 
level of saturation where the impedance value of the coil 
significantly reacts to the changed state of the core 120. 
This reaction in the impedance value in relation to the 
saturation level is shown in FIGURE 8. 
[0046] FIGURE 8 is a graph of the coil impedance ver- 
sus the distance between the magnetic object and the 
proximity sensor 100. As Illustrated by the line 310, 
when the magnetic object 301 reaches a distance of ap- 
proximately 0.8 inches (indicated by point A), the core 
begins to saturate. From this distance of 0.8 inches, as 
the magnetic object 301 moves toward the proximity 
sensor 100, the Impedance significantly decreases as 
the core begins to saturate. When the core saturates, 
the impedance of coil drops rapidly from a relatively high 
value representing virtually no saturation of the core to 
a relatively low value representing virtually complete 
saturation of the core. The "no saturation" inductance 
level is represented by the upper horizontal portion of 
inductance curve 310 in FIGURE 8, and the "complete 
saturation" inductance level is represented by the lower 
horizontal portions of curve 310. 
[0047] Thus, by measuring the impedance levels in 
the coils, the presence of a magnetic object can be de- 
tected. The physical dimensions of the core determine 
when the core reaches magnetic saturation. The unique 
design of the present Invention provides optimal per- 
formance of a saturated core proximity sensor as char- 
acterized in the graph of FIGURE 8. As a result of the 
unique shape and dimensions of the core, the core will 
saturate at a greater distance away from the magnetic 
field source than a conventional U-type core of an equiv- 
alent size. 

[0048] When the proximity sensor 100 is used as a 
variable reluctance sensor, the configuration of the prox- 
imity sensor 100 is somewhat different than the config- 
uration shown in FIGURE 7. FIGURE 9 shows an appa- 
ratus 303 with the proximity sensor 100 adjacent to a 
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permeable target 306. When the proximity sensor 100 
is used as a variable reluctance sensor, the proximity 
sensor 100 generates an alternating magnetic field as 
illustrated by the flux lines 304. 

[0049] To detect the presence of permeable materi- 5 
als, an external alternating current source is used to 
drive the coils of the proximity sensor 100. When the 
permeable target 306 is moved into the magnetic field 
of the proximity sensor 100, the reluctance between the 
permeable target 306 and proximity sensor 1 00 chang- io 
es. This change in reluctance increases the inductance 
of the sensing coils. Thus, an inductance measuring cir- 
cuit can be used to detect the presence of the permeable 
target 306. 

[0050] FIGURE 1 0 is a graph of the coil sensitivity as 15 
a function of the distance between a permeable target 
306 and the proximity sensor 100. The sensitivity of the 
proximity sensor 100 is measured in units of microhen- 
rys per Mil, For example, if the conductive target 306 
moves one Mil, with a distance of 0.14 inches between 20 
the proximity sensor and the conductive target, the coils' 
inductance changes by five microhenrys (as indicated 
by point B). If the permeable target 306 is 0.02 inches 
away from the proximity sensor 1 00 and moves one Mil, 
the coils* inductance changes by 42 microhenrys (as In- 25 
dicated by point C). The sensitivity of the proximity sen- 
sor 100 increases at an exponential rate as the perme- 
able target 306 moves toward the proximity sensor 1 00. 
In this configuration, the coil inductance increases as 
the permeable target 306 moves toward the proximity 30 
sensor 100. 

[0051] When the proximity sensor 100 is used as an 
eddy current loss sensor to detect conductive targets, 
the configuration of the proximity sensor 1 00 is similar 
to the configuration of the variable reluctance sensor as 35 
shown in FIGURE 9. However, the inductance of the 
coils has a different reaction to the conductive targets 
compared to the permeable targets. 
[0052] The proximity sensor shown in FIGURE 9 is 
also used to describe the eddy current configuration, on- 40 
ly the target 306 now consists of a conductive, non-per- 
meable target such as aluminum or copper. When the 
conductive target 306 is moved into the magnetic field 
304 of the proximity sensor 100, the conductive target 
306 will intercept a portion of the magnetic field 304 pro- 45 
duced by the alternating current fed into the coil. This 
interception of the magnetic field 304 induces eddy cur- 
rents in the conductive target 306 that are temporally 
(ninety degrees) out of phase with the source current. 
In turn, these eddy currents do two things; they dissipate so 
energy as heat within the conductor and generate an- 
other magnetic field. The magnetic field generated by 
the eddy currents within the conductive target 306 op- 
poses the magnetic source field 304 eventually causing 
additional currents back in the sensor coils. Thus, when 55 
the conductive target 306 enters the magnetic source 
field 304, the current in the coils increases. This reaction 
in the current level Is detected by electronic circuitry that 



measures the Inductance over the coil. When the con- 
ductive target 306 moves toward the proximity sensor 
100, the inductance of the coils decreases, thereby in- 
dicating the presence of the conductive target 306. FIG- 
URE 11 is a graph of the coil sensitivity as a function of 
the distance between a conductive target and the prox- 
imity sensor. Similar to the graph of FIGURE 1 0, the sen- 
sitivity of the proximity sensor 100 is measured in units 
of microhenrys per Mil. For example, if the conductive 
target moves one Mil, with a distance of 0.03 inches be- 
tween the proximity sensor and the conductive target, 
the coils' inductance changes by eight microhenrys (as 
indicated by point D). In this configuration, the induct- 
ance of the coils decreases as the conductive target is 
moved toward the proximity sensor. Thus, the present 
invention provides a highly sensitive proximity sensor 
that operates in the eddy current loss mode to detect 
the presence of a conductive, non-permeable target by 
simply measuring the Inductance in the coils. 
[0053] The graph of FIGURE 1 1 also displays the per- 
formance levels of the proximity sensor 100 at different 
operating frequencies. The first line 312 reveals the sen- 
sitivity of the proximity sensor when the source current 
is at 2 KHz. As shown by the other lines 314-320 corre- 
sponding with other operating frequencies of 5, 6, 7 and 
8 KHz, the performance of the proximity sensor peaks 
at 8 KHz and decreases as the frequency Increases. 
[0054] As with the embodiment utilizing the proximity 
sensor as a saturated core sensor, the physical dimen- 
sions of the core, together with the dimensions and con- 
figuration of the coil, determine the sensor's ability to 
detect targets at an optimal distance. The unique design 
of the core and the placement of the coils provide a var- 
iable reluctance and eddy current loss proximity sensor 
having the performance characterized in the graphs of 
FIGURES 10 and 11. As a result of the unique shape 
and dimensions of the core, the proximity sensor 100 is 
able to detect variations in the source magnetic field 
(304 of FIGURE 9) at a greater distance away from the 
proximity sensor 100 than a conventional U-type core 
of an equivalent size. 

[0055] FIGURES 1 2, 1 3A and 1 3B show another em- 
bodiment of a proximity sensor 1200 having a cup core 
1 220 In accordance with the present invention. This em- 
bodiment includes a housing 1201 having a target-fac- 
ing front surface 1251 and a cylindrical sidewall 1252 
extending from the front surface 1251. The sidewall 
1252 and the front surface 1251 form a hollow interior 
region.in the housing 1201. As shown diagrammatically 
in broken lines in FIGURE 12, a sensing region 1250 
extends out from the target-facing front surface 1251 In 
a generally hemispherical shape. For example, in an ex- 
emplary embodiment, the proximity sensor 1200 can 
have an effective sensing region of approximately 0.3 
inches in a direction perpendicular to the surface 1251. 
Similar to the operation of the cores shown in FIGURES 
4A-4E and 6A-6D, the proximity sensor 1 200 of FIGURE 
12 is effective for detecting magnetic, permeable, and 
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non-permeable conductive metallic targets in the sens- 
ing region 1250. 

[0056] The housing 1201 is preferably made of a du- 
rable, nonmagnetic material having a fairly low electrical 
conductivity, i.e., a conductivity level approximate to the 
conductivity level of titanium. It is preferred that a phys- 
ically strong, low conductivity, noncorrosive and non- 
magnetic material, like titanium or stainless steel, t>e 
used In the construction of the housing 1201. However, 
to maximize the performance of the proximity sensor, 
other nonconductive materials such as formable plas- 
tics can be used to construct the housing 1201 . The per- 
fomriance of the sensor increases as the conductivity of 
the housing 1201 decreases. The use of highly conduc- 
tive materials should be avoided because eddy cun^ents 
may form on the housing surface and reduce the effec- 
tive range 1250 of the proximity sensor 1200. In addi- 
tion, the use of ferromagnetic materials should t>e avoid- 
ed because the housing 1201 may contain the sensing 
field produced by the proximity sensor 1200. 
[0057] The housing 1201 includes an opening to the 
hollow interior that is preferably positioned opposite the 
front surface 1251. The opening in the housing 1201 al- 
lows for the insertion of the intemal components of the 
proximity sensor 1200. As known to one of ordinary skill 
in the art, a hollowed cylinder housing, such as the hous- 
ing 1201, can be formed from a machining process. Re- 
fen-ing now to FIGURES 13A and 13B, in one embodi- 
ment the proximity sensor 1200 is assembled by sliding 
an insulator 1202 into the opening of the housing 1201, 
The Insulator 1202 is preferably constructed from a non- 
conductive material such as plastic or Mylar with a thick- 
ness approximate to 3 Mils. The insulator 1202 may be 
molded into a cup-shaped form to provide an insulating 
shield between a coil assembly 1203 and the housing 
1201. 

[0058] As shown in FIGURE 13A, the coil assembly 
1203 is affixed to a flex circuit 1204 and, in one embod- 
iment, the flex circuit 1204 is affixed to the coil assembly 
1203 by a solder Joint or another like bonding material. 
The coll assembly 1203 is constructed of a disc shaped 
bracket and sized to be Inserted into the insulator 1202. 
More specifically, the coil assembly 1203 is formed into 
a disk having an aperture through the center of the disk. 
The coil assembly 1203 also comprises a bobbin having 
a hollowed interior formed to receive a wire coil. The wire 
coil housed inside the coil assembly 1203 is configured 
to allow a plurality of wire windings to surround the ap- 
erture of the coil assembly 1203. The flex circuit 1204 
is preferably constructed from a thin flexible polyimide 
tape with embedded copper traces (not shown). The 
copper traces extend from the coil assembly 1 203 to a 
pair of conductors 1211 and provide electronic commu- 
nication between the coil assembly 1203 and conduc- 
tors 1211. 

[0059] Also shown in FIGURES 13A and 13B, a cup 
core 1220 having an aperture therethrough is positioned 
such that the flex circuit 1204 passes through the aper- 



ture of the coil core 1220. Details of the construction of 
the cup core 1220 are described in further detail below 
with reference to FIGURES 14A and 14B. Generally de- 
scribed, the cup core 1220 is sized to be received in the 

5 opening of the housing 1201. In addition, the cup core 
1220 comprises an annular groove sized to receive the 
coil assembly 1203. As shown in FIGURES 13A and 
138, once the coil assembly 1203 is inserted into the 
annular groove of the cup core 1220, the wire coils 

10 housed In the coil assembly 1203 are then positioned to 
wind around the annular grove of the cup core 1220. In 
addition, the conductive ends of the wire coil housed in 
the coil assembly 1203 are positioned to pass through 
the aperture of the cup core 1220 and follow the flex 

15 circuit 1204 such that they are led to and electronically 
conducted to the pair of conductors 1211. In one em- 
bodiment, the wire In the coll assembly 1203 comprises 
approximately 474 turns of 42-gauge wire. Once the coil 
assembly 1203, flex circuit 1204, and cup core 1220 are 

20 combined, the components are then slidably inserted in- 
to the insulator 1202 positioned in the housing 1201 . 
[0060] Details of the cup core 1220 are best seen in 
FIGURES 14A and 148. In one embodiment, the cup 
core 1220 comprises a generally cylindrical shaped cup 

25 having an annular groove in an upper surface 1221 of 
the cup core 1220. The upper surface 1221 of the cup 
core 1220 is substantially planar and when installed into 
the housing 1201, the upper surface 1221 is substan- 
tially parallel to the sensing surface 1 251 of the housing 

30 1201. The cup core 1220 further comprises a bottom 
surface 1223 having a circular cavity extending from the 
bottom surface 1223 toward the upper surface 1221. 
The circular cavity is positioned in the center of the cup 
core 1 220 and configured to extend at a right angle from 

35 the bottom surface 1223. The cup core 1220 further 
comprises an aperture 1222 extending inwardly from a 
bottom surface 1223 of the cup core 1220 to facilitate 
the passage of the flex circuit 1204 and/or wire (not 
shown). 

40 [0061] As seen in FIGURE 148, a diametric section 
of the cup core 1220 comprises a head portion 1231. 
two legs 1232, and two foot portions (feet) 1233. The 
head portion 1231 forms a substantially planar section 
along the upper surface 1221 and is perpendicular to 

45 the sectional direction created by the two legs 1 232. The 
sectional direction of the two legs 1232 is perpendicular 
to the sectional direction of the two feet 1233. The two 
feet 1233 are in a common plane along the bottom sur- 
face 1223. Both feet 1233 are parallel to the head por- 

50 tion 1231. In addition, the section of the cup core 1220 
comprises two tail portions (tails) 1234. Each tail 1234 
extends from the outer edges of the two feet 1233. The 
sectional direction of the tails 1234 are perpendicular to 
the sectional direction of the two feet 1233. 

55 [0062] In one exemplary embodiment, as shown in 
the section of FIGURE 148. the head portion 1231 of 
the cup core 1220 has a width of 0.200 inches, which is 
equal to the outer diameter of the center post 1235 



9 



17 



EP 1 264 404 B1 



18 



shown in FIGURE 14A. The two legs 1232 extending at 
right angles from the head portion 1231 have a prefenred 
height of 0.144 inches measuring from the top surface 
to the bottom surface. The two legs 1 232 create one side 
of the annular ring, and the annular ring has a depth of 5 
0.124 inches. The two feet 1233 extend away from each 
other from the two legs. Each foot portion 1233 has a 
preferred length of 0.16675 Inches that measures from 
the outer perimeter of the core to the inside of the two 
legs 1 232. In this embodiment, each tail 1 234 has a pre- io 
ferred length of 0.144 inches, and each tall 1234 is gen- 
erally parallel to the legs 1 232. The surfaces of the head 
1231, leg 1232, feet 1233 and tail 1234 portions have a 
thickness of 0.02 inches. 

[0063] The annular groove is created by the surfaces 
of the leg 1232, feet 1233 and tail 1234 portions. In one 
embodiment, the depth of the annular groove is 0.124 
inches. Each of the four corner edges or fillets 1240 in 
the bottom of the annular groove should have a radius 
of 0.015 inches, where each bend or fillet 1240 should 
form a quarter circle having that radius. The tall portions 
1234 have a preferred height of 0.144 inches. 
[0064] In another embodiment, the two legs of the cup 
core extend at right angles from the head portion and 
have a prefen-ed height of 0.174 inches measuring from 
the top suri'ace to the bottom surface. The two legs cre- 
ate one side of the annular ring and, in this embodiment, 
the annular ring has a depth of 0.154 inches. Each tail 
has a preferred length of 0.174 inches, and each tail is 
generally parallel to the legs. In this embodiment, the 
surfaces of the head, leg, feet and tall portions have a 
thickness of 0.02 inches. 

[0065] The cup core 1220 is preferably constructed 
from a high permeable material such as soft iron, cast 
iron, transformer steel, or any of the like material. The 
relative permeability should be at least 1 0,000. Although 
a relative permeability is suggested to be at least 
1 0,000, higher values are desired to increase the sen- 
sor's performance. One material that is preferred is re- 
ferred to in the art as HyMu "80*Vg), available from Car- 
penter Steel Company of New Jersey 
[0066] In one embodiment, the cup core 1220 is 
formed by a machining process of one solid piece of 
metal. Since the machining process creates changes in 
the magnetic properties of the core metal, an annealing 
process should be applied to the core to property com- 
plete its construction. Thus, after the machining process 
is complete to form the cup core 1220 into the above- 
described specifications, the cup core 1220 should be 
cleaned so that all contaminants such as oil, grease, lac- 
quer and water are removed from the core surface. In 
addition, the core should not be exposed to carbon, sul- 
fur, or nitrogen during the annealing process. Once 
properly cleaned, the core is preferably annealed in an 
oxygen free, dry hydrogen atmosphere with a dew point 
below -40'C during the entire hydrogen annealing 
stage. If multiple cores are annealed at this part of the 
process, an insulating powder should be used to keep 



the cores from touching one another or other objects. 
Prefen-ed insulating powders include: magnesium, alu- 
minum oxide, clean ceramic paper, or an equivalent 
cleaning ceramic material. 

[0067] The core should be annealed for 7-8 hours at 
a temperature of 1 . 1 2 1 ^'-l ,1 77*'C. After the 7-8 hour pe- 
riod, the core should be furnace cooled to a temperature 
of approximately 593**C. Once the core is cooled to 
593''C. the core should be cooled at a rate between 260° 
and 316°C per hour to 371''C. and then furnace cooled 
until room temperature is reached. 
[0068] Returning again to FIGURES 13Aand 13B.the 
construction of the proximity sensor 1200 is continued 
where a spring 1 206, washer 1 207, and a carrier assem- 
bly 1208 are respectively Inserted into the housing 1201 
to hold the cup core 1220. coil assembly 1203 and flex 
circuit 1204 in place. In this step, the spring may be fixed 
to the cyiindrical bracket 1205 by the application of an 
RTV adhesive. The carrier assembly 1208 comprises a 
hollow cylindrical housing having two sections, wherein 
a leading section has a diameter sized to be inserted 
into the bore of the spring 1206 and the cylindrical brack- 
et 1205. The trailing section of the carrier assembly 

1208 has a larger diameter sized to be slidably inserted 
into the housing 1201 and yet large enough to produce 
a shoulder to engage upon the adjacent end of the 
spring 1206. Once the spring 1206, washer 1207, and 
carrier assembly 1208 are inserted into the housing 
1201, a connector assembly 1209 is used to seal the 
opening of the housing 1201 and hold the assembly to- 
gether with the spring 1206 partially compressed. 
[0069] As shown in FIGURE 13A and 13B. the con- 
nector assembly 1209 comprises a generally cylindrical 
body sized to be inserted into the opening of the housing 
1201 and to create an air tight seal around the opening 
of the housing 1201. The connector assembly 1209 has 
at least two internal electronic connectors 1211 and at 
least two external electric conductors 1210 for produc- 
ing an electronic communication channel between the 
outer portion of the housing 1201 and the conductors 
internal to the housing 1201. The connector assembly 

1209 may create a seal with the opening of the housing 
1201 by the use of threaded or mechanical locking de- 
vices. Although threaded and mechanical locking devic- 
es are used in this embodiment, any mechanical device 
or adhesive may be used to create a seal between the 
connector assembly 1209 and the housing 1201. 
[0070] As described above, the various embodiments 
of the proximity sensor are used to detect three different 
types of objects. In one mode of operation, the proximity 
sensor is used to detect the presence of objects that 
emit a magnetic field, such as magnetically charged 
iron. When used in this mode of operation, the proximity 
sensor operates as a saturated core sensor. In another 
mode of operation, the proximity sensor is used to detect 
the presence of permeable objects, known as ferromag- 
netic metals. When used in this second mode of opera- 
tion, the proximity sensor operates as a variable reluc- 
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tance sensor. In yet another mode of operation, the 
proximity sensor is used to detect the presence of con- 
ductive metals or non-ferrous objects, such as alumi- 
num, copper, brass, or other like materials. When used 
in this third mode of operation, the proximity sensor op- 5 
erates as an eddy current loss sensor. 
[0071] Referring again to FIGURE 1 3A, various circuit 
configurations (box 1225) that create a closed circuit 
loop in the wire of the proximity sensor 1200 can be used 
to produce each mode of operation described above. io 
Each circuit described above with reference to FIGURE 
3, can be used to produce the various operating modes 
of the proximity sensor For instance, any circuit config- 
ured to measure impedance can be used with the prox- 
imity sensor. In this embodiment, a circuit can be used 15 
to measure the impedance over the conductor housed 
in the core to ultimately detect the presence of an object. 
[0072] In yet another embodiment, an Eddy Current 
Kill Oscillator (ECKO) circuit can be configured in box 
1225 of FIGURE 13A to allow the proximity sensor 1200 20 
to operate as an eddy current loss sensor. As known to 
one having ordinary skill in the art, an ECKO circuit is 
generally described as an oscillator circuit that oscillates 
at a frequency defined by a tank circuit. One example 
of an ECKO circuit is commercially available from the 25 
MICRO SWITCH division of the Honeywell Corporation. 
[0073] The tank circuit is composed of a sensor (in- 
ductance and resistance) in parallel with a capacitor. To 
calibrate the ECKO circuit to a certain actuation point, 
a calibration resistor is adjusted to match the resident 30 
impedance of the tank circuit, e.g., Z at 0° phase. As 
long as the resident impedance of the tank is above the 
impedance of the calibration resistor, the circuit will os- 
cillate. As will be described in more detail below with 
reference to FIGURE 16, when a target moves toward 35 
the proximity sensor closer than the actuation point, the 
real losses increase and the oscillator eventually ceases 
operation. 

[0074] In yet another embodiment, the ECKO circuit 
and proximity sensor 1200 can be configured with spe- 40 
cific components to operate in a saturated core mode 
(SCORE), this embodiment can be referred to an Eddy 
Current Loss All Metal Sensor (ECAMS)™. In this em- 
bodiment, the capacitor in the ECKO circuit comprises 
a 1 ,800 picofarad capacitor in the tank circuit. This con- 45 
figuration causes the tank to oscillate at 28 kHz and re- 
duces the amount of variance over temperature provid- 
ing the best sensitivity to the proximity sensor. In this 
embodiment, the coil can comprise of 900 turns of 
42-gauge wire. As described above, the target utilized so 
with the SCORE sensor is a magnet target. 
[0075] Another embodiment of a proximity sensor 
1500 having a cup core 1220 is shown in FIGURE 15A 
and 15B. The embodiment of FIGURE 15A and 15B 
generally comprises the components of the embodi- 55 
ment depicted in FIGURES 13A and 13B. More specif- 
ically, the embodiment of FIGURE 15A and 158 com- 
prises a housing 1501 with a sensing surface 1550 and 



cylindrical wall 1540 that is substantially perpendicular 
to the sensing surface 1550. The housing 1501 com- 
prises a hollow center Inside of the cylindrical wall 1540 
and an opening to allow the insertion of the various com- 
ponents described below. As shown in FIGURE 158, an 
insulator cup 1502 is slidably inserted into the opening 
of the housing 1501. The construction of the insulator 
cup 1502 is constructed similar to that of the embodi- 
ment depicted in FIGURES 13A and 138, except the 
insulator cup 1502 is sized to produce an electronically 
insulating shield between the housing 1501 and a coil 
assembly 1503. The proximity sensor 1500 also com- 
prises a spring cushion 1504, which secures the carrier 
assembly 1508 into position. 

[0076] Similar to the embodiment of FIGURES 13A 
and 138, the coil assembly 1503 comprises a plastic 
bobbin which houses a plurality of wire windings where- 
in the coil assembly 1503 and the wire windings are 
sized to be inserted Into the hollow portion of the cup 
core 1220. The spring cushion 1504 is constructed of a 
silicon rubber and shaped in a disk configuration and 
sized to be slidably inserted into the hollow portion of 
the cup core 1220. The spring cushion 1504 functions 
as a brace for the coil assembly 1503 such that coil as- 
sembly 1503 can be afTixed into a locked position inside 
the hoKow portion of the cup core 1220. The coil assem- 
bly 1503, spring cushion 1504 and the cup core 1220 
are slidably inserted into the insulator cup 1502 posi- 
tioned in the housing 1501. The spring 1506 has been 
placed on top of the cup core 1 220 and, may be affixed 
to the cup core 1220 by the use of a RTV adhesive. 
[0077] Simitar to the embodiment of FIGURES 13A 
and 138, the coil assembly 1503, spring cushion 1504 
and cup core 1220 are configured to accommodate a 
wire winding 1509 that creates a wire coil inside the coil 
assembly 1503 having approximately 900 rotations, 
wherein the conductive ends of the wires are routed 
through the spring cushion 1 504, the cup core 1 220, and 
eventually routed into a carrier 1508 and ultimately con- 
nected to a substrate assembly 1510. The carrier as- 
sembly 1508 is of similar construction to the carrier as- 
sembly of FIGURES 13A and 138, however, the carrier 
assembly 1508 comprises a hollowed inner portion 
sized to receive a substrate assembly 1510. 
[0078] The su bstrate assembly 1510 may comprise a 
circuit board for carrying any type of circuitry that may 
be usecf with the proximity sensor 1500. The above-de- 
scribed electronic circuitry can be constructed on the 
substrate assembly 1510, and the circuitry electronically 
is conneicted to the wire 1509 and the external conduc- 
tors 1515 via a set of conductors 1511. The substrate 
assembly 1510 is inserted into the carrier assembly 
1508 and secured into place by an adhesive. The con- 
nector assembly 1 51 2 is then secured to the opening of 
the housing 1501, thereby creating a seal between the 
connector assembly 1512 and the housing 1501. 
[0079] As will be explained below, detection of a target 
object will cause a change in the state of the circuit cou- 
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pled to the coil which, in turn, can be used to energize 
a device, turn on a switch, transmit a signal, etc. For 
example, FIGURE 16 shows one embodiment of a prox- 
imity sensor 1200 having a housing 1201 and illustrates 
a radial section of the cup core 1220, which is used as 5 
a saturated core (SCORE) sensor to detect a magnetic 
object 1251 . The target facing surface 1251 of the prox- 
imity sensor is directed toward a magnetic object 901 . 
producing a magnetic field 902. As the magnetic object 
901 moves toward the proximity sensor 1200. a point is 
reached where flux lines 902 begin to enter the core 
1 220 and follow the core as the path of least reluctance. 
As the proximity sensor 1200 is moved deeper into the 
magnetic field, the core 1 220 begins to react to the mag- 
netic field, thus changing the impedance value of the 
wire coils 1275 that are placed in the annular grove of 
the cup core 1220. Eventually, the cup core 1220 reach- 
es a level of saturation where the impedance value of 
the coll significantly reacts to the changed state of the 
cup core 1220. This reaction in the inductance value in 
relation to the saturation level is shown in FIGURE 17. 
[0080] FIGURE 17 is a graph of the coil inductance 
versus the distance between the magnetic object 901 
and the proximity sensor 1200. As illustrated by the line 
910. when the magnetic object 901 reaches a distance 
of approximately 0.3 inches (indicated by point A), the 
core begins to saturate. From this distance of 0.3 inches, 
as the magnetic object 901 moves toward the proximity 
sensor 1200, the impedance significantly decreases as 
the cup core begins to saturate. When the cup core sat- 
urates, the impedance of coil drops rapidly from a rela- 
tively high value representing virtually no saturation of 
the core to a relatively low value representing virtually 
complete saturation of the cup core. The "no saturation" 
inductance level is represented by the upper horizontal 
portion of inductance curve 910 in FIGURE 17, and the 
"complete saturation" inductance level is represented 
by the lower horizontal portion of curve 910. 
[0081] Thus, by measuring the Impedance levels in 
the coils, the presence of a magnetic object can be de- 
tected. The physical dimensions of the core determine 
when the core reaches magnetic saturation. The unique 
design of the present invention provides optimal per- 
formance of a saturated core proximity sensor as char- 
acterized in the graph of FIGURE 17. As a result of the 
unique shape and dimensions of the cup core, the cup 
core vyill saturate at a greater distance away from the 
magnetic field source than a cohventionat prior art core 
of an equal size. 

[0082] When the proximity sensor 1200 is used as a 
variable reluctant sensor, the configuration of the prox- 
imity sensor 1200 is somewhat different than the con- 
figuration shown in FIGURE 1 6. In one example, a prox- 
imity sensor may be configured as a variable reluctance 
sensor to sense a permeable target. FIGURE 18 shows 
an apparatus 1800 with a proximity sensor 1200 adja- 
cent to a permeable target 908. When the proximity sen- 
sor 1200 Is used as a variable reluctance sensor, the 



proximity sensor 1200 generates an alternating magnet- 
ic field as illustrated by the flux lines 903. 
[0083] To detect the presence of permeable materi- 
als, an extemal alternating current source Is used to 
drive the coils 1276 of the proximity sensor 1200. When 
the permeable target 908 is moved into the magnetic 
field of the proximity sensor 1200, the reluctance be- 
tween the permeable target 908 and the proximity sen- 
sor 1200 changes. This change in reluctance increases 
the inductance of the sensing coils 1276. Thus, an in- 
ductance measuring circuit can be used, such as one of 
the circuits described above, to detect the presence of 
the permeable target 908. 

[0084] FIGURE 1 9 is a graph of the coil sensitivity as 
a function of the distance between the permeable target 
908 and the proximity sensor 1200. The sensitivity of 
the proximity sensor 1200 is measured in units of micro- 
henrys per Mil. For example, if the conductive target 908 
moves one Mil, the distance of 0.060 inches between 
the proximity sensor 1200 and the target 908, the coils' 
Inductance changes by approximately 19 microhenrys 
(as indicated by point B), If the permeable target 908 is 
0.04 inches away from the proximity sensor 1200 and 
moves one Mil, the coils' inductance changes by approx- 
imately 28.6 microhenrys (as indicated by point C). The 
sensitivity of the proximity sensor 1200 increases at an 
expediential rate as the permeable target 908 moves to- 
ward the proximity sensor 1200. In this configuration, 
the coil inductance Increases as the permeable target 
908 moves toward the proximity sensor 1200. 
[0085] When the proximity sensor is used as an eddy 
current loss sensor to detect conductive targets, the 
configuration of the proximity sensor 1200 is similar to 
the configuration of the variable reluctance sensor as 
shown and described above. However, the Inductance 
of the coils has a different reaction to the conductive tar- 
gets compared to the permeable targets. 
[0086] The proximity sensor 1200 shown in FIGURE 
18 is also used to describe the eddy current configura- 
tion, only the target 908 now consists of a conductive, 
non-permeable target such as aluminum or copper. 
When the conductive target 908 is moved into the mag- 
netic field 903 of the proximity sensor 1200, the conduc- 
tive target 908 will intercept a portion of the magnetic 
field 903 produced by the alternating current fed into the 
coil 1 276. This interception of the magnetic field 903 In- 
duces eddy currents in the conductive target 908 that 
are temporally (90 degrees) out-6f-phase with the cur- 
rent source. In turn, these eddy currents do two things: 
they dissipate energy as heat within the conductor; and 
they generate another magnetic field. The magnetic 
field generated by the eddy cun^ents within the conduc- 
tive target 908 opposes the magnetic source field 903 
eventually causing additional currents bacl< in the sen- 
sor coils. Thus, when the conductive target 908 enters 
the magnetic source field 903, the current in the coils 
increases. This reaction in the current level is detected 
by electronic circuitry that measures the inductance 
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over the coll. When the conductive target 908 moves 
toward the proximity sensor 1200, the inductance of the 
colls decreases, thereby indicating the presence of the 
conductive target 908. 

[0087] As with the embodiment utilizing the proximity 
sensor as a saturated core sensor, the physical dimen- 
sions of the core, together with the dimensions and the 
configuration of the coil, determine the sensor's ability 
to detect targets at an optimal distance. The unique de- 
sign of each core disclosed and described above, and 
the placement of the coils provide a variable reluctance 
and eddy current loss proximity sensor having the per- 
formance characterized in the graphs described above. 
As the result of the unique shape and dimensions of the 
above-described cores, a proximity sensor is able to de- 
tect variations in the source magnetic field at a greater 
distance away from the proximity sensor than a conven- 
tional core having an equivalent size. 
[0088] While the prefen^ed embodiment of the Inven- 
tion has been illustrated and described, it will be appre- 
ciated that various changes can be made to it without 
departing from the scope of the claims. 



Claims 

1 . A proximity sensor, comprising: 

a core having a section including a central part, 
two foot portions on opposite sides of the cen- 
tral part and two legs each extending between 
one of the foot portions and the central part, 
wherein the two legs are positioned on opposite 
sides of the central part; 
a first sensing coil positioned around core; and 
a circuit coupled to the first sensing coil for 
sensing an object located in a sensing region 
adjacent to the core, wherein the core and cir- 
cuit are configured and arranged to detect the 
presence of ferromagnetic, non-permeable and 
magnet targets. 

2. The proximity sensor of Claim 1 , wherein the legs 
are elongated and extend transversely of the cen- 
tral part and the foot portions. 

3. The proximity sensor of Claim 1 , further comprising 
a second sensing coil positioned around the core, 
wherein the first and second sensing coils have 
turns wrapped around the legs. 

4. The proximity sensor of Claim 3, wherein the circuit 
also energizes the sensing coil to create the sens- 
ing region of the core. 



6. The proximity sensor of Claim 5, wherein the oscil- 
lator includes an eddy current kill oscillator circuit. 

7. The proximity sensor of Claim 5, wherein the oscil- 
5 lator includes an eddy current loss ait metal sensor 

circuit. 

8. The proximity sensor of Claim 1 , wherein the core 
is made of a permeable material. 

10 

9. The proximity sensor of Claim 1 , wherein the core 
Is constructed from a substantially rectangular 
member having a plurality of substantially rectan- 
gular surfaces forming the central part, foot portions 

15 and legs, each defining a plane, the plane of the 
central part being substantially perpendicular to the 
plane of each of the legs, the plane of the central . 
part being substantially parallel to the plane of each 
of the foot portions, the first and second foot por- 

20 tions being adjacent to the first and second legs, 
respectively. 

10. The proximity sensor of Claim 8, wherein the width 
of the central part of the core is greater than the 

25 width of the two leg portions and the foot portions. 

11. The proximity sensor of Claim 1, wherein the core 
has a thickness of approximately 0.020 inches. 

30 12. Theproximitysensorof Claim 1, wherein the central 
part of the core has a width of approximately 0,370 
inches and a length of approximately 0.390 inches. 

13. The proximity sensor of Claim 1, wherein the legs 
35 have a first width adjacent to the central part and a 

second width, different from the first width, remote 
from the central part. 

14. The proximity sensor of Claim 1, wherein the leg 
40 portions have a length of approximately 0.300 inch- 
es, a first width of approximately 0.370 Inches ex- 
tending approximately 0.050 inches from the cen- 
tral part, and a second width of approximately 0.292 
inches extending approximately 0.250. inches be- 

45 yond the first width. 

1 5. The proximity sensor of Claim 1 , further comprising 
a housing supporting the sensing coil and the core. 

50 16. Theproximitysensorof Claim 1, in which the central 
portion of the core includes a calibration bolt 

17. The proximity sensor of Claim 16, wherein the cal- 
ibration bolt Is made of a highly permeable material. 

18. The proximity sensor of Claim 16, wherein the cal- 
ibration bolt is made of a material selected from the 
group consisting of soft iron, cast iron, and trans- 



55 

5. The proximity sensor of Claim 1 , wherein the circuit 
includes an oscillator for energizing the sensing coil 
to create the sensing region. 
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former steel. 

19. The proximity sensor of Claim 16, wherein the cal- 
ibration bolt is made of a material having a relative 
permeability equal to or greater than 90. 

20. The proximity sensor of Claim 16, wherein the po- 
sition of the calibration bolt relative to the remainder 
of the central part is adjustable to change a level of 
inductance that is measured from the first sensing 
coil positioned around core. 

21. The proximity sensor of Claim 16, wherein the cal- 
ibration bolt is a threaded screw. 

22. The proximity sensor of Claim 1 , wherein the cross- 
sectional shape of the core further comprises two 
tail portions, wherein each tail portion extend from 
an outer edge of one of the two foot portions, and 
wherein the tail portions are perpendicular to two 
foot portions. 

23. The proximity sensor of Claim 1, wherein the head 
portion forms a substantially planar upper surface 
of the core and is perpendicular to the direction cre- 
ated by each of the two leg portions, the direction 
of the two leg portions being perpendicular to the 
direction of the two foot portions, the two foot por- 
tions lying in a common bottom surface plane, and 
wherein the two leg portions form an annular groove 
in the core that opens along side the upper surface 
of the core. 

24. A core for use in a proximity sensor, wherein the 
core comprises a section of omega shape having a 
central part, two foot portions on opposite sides of 
the central part and two legs portions each extend- 
ing between one of the foot portions and the central 
part, wherein the core is made from a highly perme- 
able material. 

25. The core of Claim 24, wherein the leg portions are 
elongated and extend transversely of the central 
part and the foot portions. 

26. The core of Claim 24, wherein the core is construct- 
ed from a substantially rectangular member having 
a plurality of substantially rectangular surfaces 
forming the central part, foot portions and legs, each 
defining a plane, the plane of the central part being 
substantially perpendicular to the plane of each of 
the legs, the plane of the central part being substan- 
tially parallel to the plane of each of the foot por- 
tions, the first and second foot portions being adja- 
cent to the first and second legs, respectively. 

27. The core of Claim 24, wherein the core has a thick- 
ness of approximately 0.020 inches. 



28. The core of Claim 24, wherein the central part of the 
core has a width of approximate by 0.370 inches 
and a length approximate to 0.390 inches. 

5 29. The core of Claim 24, wherein the legs have a first 
width adjacent to the central part and a second 
width, different from the first width, remote from the 
central part. 

10 30. The core of Claim 24, wherein the leg portions have 
a length of approximately 0.300 inches, a first width 
of approximately 0.370 inches extending approxi- 
mately 0.050 inches from the central part, and a 
second width of approximately 0.292 inches ex- 

15 tending approximately 0.260 inches beyond the first 
width. 

31. The core of Claim 24, wherein the width of the cen- 
tral part is greater than the width of the leg portions 

20 and the foot portions. 

32. The core of Claim 24, in which the central part of 
the core includes a calibration bolt positioned there- 
through. 

25 

33. The proximity sensor of Claim 24, wherein the 
cross-sectional shape of the core further comprises 
two tail portions, wherein each tail portion extend 
from an outer edge of one of the two foot portions, 

30 and wherein the tall portions are perpendicular to 
two foot portions. 

34. The core of Claim 24, wherein the central part forms 
a substantially planar upper surface of the core and 

35 Is perpendicular to the direction created by each of 
the two leg portions, the direction of the two leg por- 
tions being perpendicular to the direction of the two 
foot portions, the two foot portions lying in a com- 
mon bottom surface plane, and wherein the two leg 

40 portions define a surface that forms an annular 
groove in the core that opens from the upper sur- 
face of the core. 

35. The proximity sensor of Claim 1, further comprising: 

45 

a calibration bolt positioned through an aper- 
ture in the central part of the core, wherein the 
calibration bolt is operatively associated with 
the first sensing coil and the core such that the 
50 calibration bolt influences an electric signal 

measured from the first sensing coil. 

36. The proximity sensor of Claim 35, wherein the cal- 
ibration bolt is made of a highly permeable material. 

55 

37. The proximity sensor of Claim 35, wherein the cal- 
ibration bolt is made of a material selected from the 
group consisting of soft iron, cast iron, and trans- 
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former steel. 

38. The proximity sensor of Claim 35, wherein the cal- 
ibration bolt Is made of a material having a relative 
permeability equal to or greater than 90. 5 

39. The proximity sensor of Claim 35, wherein the po- 
sition of the calibration bolt relative to the central 
part is adjustable to change a level of inductance 
that is measured fi'om the first sensing coil posi- io 
tioned around core. 

40. The proximity sensor of Claim 35, wherein the cal- 
ibration bolt is a threaded screw. 

15 

41. The proximity sensor of Claim 35, further compris- 
ing circuitry coupled to the sensing coil, for sensing 
an object located in a sensing region adjacent to the 
core. 

20 

42. The proximity sensor of Claim 41, wherein the cir- 
cuitry also energizes the sensing coil to create the 
sensing region of the core. 

43. The proximity sensor of Claim 35, wherein the core 25 
has a thickness of approximately 0.020 inches. 

44. The proximity sensor of Claim 35, wherein the legs 
have a first width adjacent to the central part and a 
second width, different from the first width, remote 30 
from the central part. 

45. The proximity sensor of Claim 35. wherein the legs 
have a length of approximately 0.300 inches, a first 
width of approximately 0.370 inches extending ap- 35 
proximately 0.050 inches from the central part, and 

a second width of approximately 0.292 inches ex- 
tending approximately 0.250 inches beyond the first 
width. 

40 

46. A proximity sensor, comprising: 

a member having a top surface, a bottom sur- 
face, and a side surface having a width be- 
tween the top and the bottom surfaces of the 45 
member, wherein the top surface is generally 
planar, and wherein the member defines a cav- 
ity that extends into the member from the top 
surface, wherein a section of the member in- 
cludes a central part along the top surface of so 
the member, two foot positions on opposite 
sides of the central part and two legs, wherein 
each of the two legs extend between the central 
part and one foot portion, wherein the foot por- 
tions and legs respectively form the bottom sur- ss 
face and the inner surface of the cavity, wherein 
the top and the bottom surfaces have a thick- 
ness less than or equal to 0.06 inches, and 



wherein the member is made from a highly per- 
meable material; 

a sensing coil positioned in the cavity for allow- 
ing magnetic flux communication between the 
sensing coil and the core; and 
a circuit coupled to the sensing coil for sensing 
an object located in a sensing region adjacent 
to the member, wherein the member and the 
circuit are configured and arranged to detect 
the presence of ferromagnetic, non-permeable . 
and magnetic targets. 

47. The proximity sensor of Claim 46, wherein the top 
and the bottom surfaces of the member have a 
thickness less than 0.06 inches and greater than or 
equal to 0.005 inches. 

48. The proximity sensor of Claim 46, wherein the mem- 
ber is constructed from a permeable material. 

49. The proximity sensor of Claim 46, wherein the mem- 
ber is generally cylindrical in shape. 

50. The proximity sensor of Claim 46, wherein the width 
of the member is in the range of 0.2 to 5 inches. 

51. The proximity sensor of Claim 46, wherein the top 
surface is spaced radially outwardly of the outer pe- 
rimeter of the member. 

52. A method for detecting the presence of an object 
which comprises: 

providing a core having a section of omega 
shape including a central part, two foot portions 
on opposite sides of the central part and two 
legs each extending between one of the foot 
portions and the central part; 
providing at least one sensing coil positioned 
around the core; and 

measuring the inductance over the sensing 
coil, and if the inductance varies over a prede- 
termined range, generating a signal to indicate 
the presence of the object. 

53. The method of Claim 52, wherein the leg portions 
are elongated and extend transversely of the cen- 
tral part and the foot portions. 

54. The method .of Claim 52, further com prising provid- 
ing a second sensing coil positioned around the 
core. 

55. The method of Claim 52, wherein the object com- 
prises a magnetic . material. 

56. The method of Claim 52, wherein the object com- 
prises a ferromagnetic material. 
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57. The method of Claim 52. wherein the object com- 
prises a conductive material. 



Patentanspruche 

1. Naherungssensor, umfassend: 



2. Naherungssensornach Anspruch 1, worin die Bei- 30 
ne langlich sind und sich In Quemchtung zum Mit- 
telteil und den Ful^abschnltten erstrecken. 

3. Naherungssensor nach Anspruch 1 , der weiters ei- 

ne zweite Abfiihlspule umfasst, die um den Kern 35 
herum angeordnet ist, worin die erste und die zwei- 
te Abfuhlspule Windungen aufwelst, die um die Bei- 
ne herum gewiclcelt sind. 

4. Naherungssensor nach Anspruch 3,worin die 40 
Schaitung auch die Abfuhlspule mit Energie beauf- 
schlagt, um den Abfuhlbereich des Kems zu erzeu- 
gen. 

5. Naherungssensor nach Anspruch 1, worin die 45 
Schaitung einen Oszillator umfasst, um die Abfiihl- 
spule mit Energie zu beaufschlagen, um den Ab- 
fOhlbereich zu schaffen. 

6. Naherungssensor nach Anspruch 5, worin der Os- so 
zillator eine Wirbelstromauf-Neutraiisieroszillator- 
schaltung umfasst. 

7. Naherungssensor nach Anspruch 5, worin der Os- 
zillator eine Wirbeistromverlust-Ganzmetallsensor- ss 
schaitung umfasst. 

8. Naherungssensor nach Anspruch 1 , worin der Kern 



aus einem permeablen Material besteht. 

9. Naherungssensor nach Anspruch 1 , worin der Kem 
aus einem im Wesentlichen rechteckigen Element 
konstruiert ist, das eine Vtelzahl im Wesentlichen 
rechteckiger Oberflachen aufwelst, die den Mittel- 
teil, FuRabschnitte und Seine bilden, die jeweils ei- 
ne Ebene definieren. wobei die Ebene des Mlttel- 
teils im Wesentlichen senkrecht zur Ebene eines je- 
den der Beine verlauft, wobei die Ebene des Mittel- 
teils Im Wesentlichen parallel zur Ebene eines je- 
den der Fuf^abschnitte verlauft, wobei der erste und 
der zweite Fuflabschnitt an das erste bzw. das das 
zweite Bein angrenzen. 

1 0. Naherungssensor nach Anspruch 8, worin die Brei- 
te des Mittelteils des Kems grdl^er ist als die Breite 
der beiden Beinabschnitte und der Fullabschnltte. 

11. Naherungssensor nach Anspruch 1 , worin der Kem 
eine Dicke von etwa 0,020 Zoll aufweist. 

12. Naherungssensor nach Anspruch 1, worin der Mit- 
telteil des Kems eine Breite von etwa 0,370 Zoll und 
eine Lange von etwa 0,390 Zoll aufweist. 

13. Naherungssensor nach Anspruch 1, worin die Sei- 
ne in Nachbarschaft des Mittelteils eine erste Breite 
und vom Mitteltell entfernt eine zweite Breite auf- 
weisen, die sich von der ersten Breite unterschei- 
det. 

1 4. Naherungssensor nach Anspruch 1 . worin die Bein- 
abschnitte eine Lange von etwa 0,300 Zoll, eine er- 
ste Breite von etwa 0,370 Zoll, die sich etwa 0,050 
Zoil vom Mittelteil aus erstreckt, und eine zweite 
Breite von etwa 0,292 Zoll aufweisen, die sich etwa 
0,250 Zoll uber die erste Breite hinaus erstreckt. 

1 5. Naherungssensor nach Anspruch 1 , der weiters ein 
Gehause umfasst, das die Abfuhlspule und den 
Kern halt. 

16. Naherungssensor nach Anspruch 1, bei dem der 
Mittelabschnitt des Kerns einen Kalibrierungsbol- 
zen umfasst. 

1 7. Naheru ngssensor nach Anspruch 1 6, worin der Ka- 
librierungsbolzen aus einem hochpermeablen Ma- 
terial besteht. 

1 8. Naherungssensor nach Anspruch 1 6, worin der Ka- 
librierungsbolzen aus einem Material besteht, das 
aus der aus Weicheisen, Gusseisen und Transfor- 
mator-Strahl bestehenden Gruppe ausgewShIt ist. 

19. Naherungssensor nach Anspruch 1 6, worin der Ka- 
librierungsbotzen aus einem Material besteht, das 



einen Kem mit einem Abschnitt, der einen Mit- 
telteil. zwei Fu&abschnitte an einander gegen- io 
uberiiegenden Seiten des Mittelteils und zwei . 
Beine umfasst, die sich jewel Is zwischen einem 
der FuBabschnltte und dem Mittelteil erstrek- 
ken, worin die beiden Beine auf einander ge- 
genOberitegenden Seiten des Mittelteils ange- is 
ordnet sind; 

eine erste Abfuhlspule, die um den Kem herum 
angeordnet Ist; und 

20 

eine Schaitung, die mit der ersten Abfuhlspule 
gekoppeit ist, um ein Objekt abzufuhlen, das 
sich in einem Abfuhlbereich in Nachbarschaft 
des Kerns befindet, worin der Kern und die 
Schaitung eine solche Konfiguration und An- 25 
ordnung haben, dass sie das Vorhandensein 
von ferromagnetischen, nicht-permeablen und 
magnetischen Zlelen detektleren. 
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eine relative Permeabilitat grower Oder gleich 90 27. Kern nach Anspruch 24. worin der Kern eine Dtcke 
aufweist. von etwa 0.020 Zoll aufweist. 



20. Naherungssensor nach Anspruch 1 6. worin die Po- 
sition des Kallbrierungsbolzens in Bezug auf den 5 
ubrigen Mittelteil eingestelit werden kann, so dass 
ein induktiver Blindwiderstand verandert wird, der 
von der ersten Abfuhlspule gemessen wird, die um 
den Kern herum angeordnet ist. 

10 

21 . Naherungssensor nach Anspruch 1 6, worin der Ka- 
librierungsbolzen eine Gewindeschraube ist. 

22. Naherungssensor nach Anspruch 1, worin die 

. Querschnittsgestalt des Kerns weiters zwei is 
Schwanzabschnltte umfasst, worin sich jeder 
Schwanzabschnitt von einer Auflenkante eines der 
beiden FuHalDSchnitte aus erstreckt und worin die 
Schwanzabschnltte senkrecht zu zwei Fullab- 
schnitten veriaufen. 20 

23. Naherungssensor nach Anspruch 1, worin der 
Kopfabschnitt eine im Wesentlichen planare Deck- 
flache des Kerns bildet und senkrecht zu der Rich- 
tung veriauft, die von jedem der beiden Beinab- 25 
schnitte erzeugt wird, wobei die Richtung der bei- 
den Beinabschnitte senkrecht zur Richtung der bei- 
den Fuflabschnitte veriauft, wbbei die beiden 
Fufiabschnitte in einer gemeinsamen Bodenfla- 
chenebene liegen, und worin die beiden Beinab- 30 
schnitte eine ringformige Rllle im Kern bilden, die 
sich entlang der Deckfiache des Kerns offnet. 

24. Kern zur Verwendung in einem Naherungssensor, 
worin der Kern einen Abschnitt mit Omega-Gestalt 35 
umfasst, der einen l\/!ittelteii, zwei FuRabschnitte 
auf einander gegenuberiiegenden Seiten des IVIit- 
telteiis und zwei Beinabschnitte aufweist, die sich 
zwischen einem der Fui^abschnitte und dem IVIittel- 

teii erstrecken, worin der Kern aus einem hochper- 40 
meablen (Material besteht. 

25. Kern nach Anspruch 24, worin die Beinabschnitte 
langlich sind und sich in Querrichtung zum l\^ittelteii 
und zu den Fu&abschnltten erstrecken. 45 

26. Kern nach Anspruch 14, worin der Kern aus einem 
im Wesentlichen rechteckigen Element konstruiert 
ist, das eine Vielzahl im Wesentlichen rechteckiger 
Oberflachen aufweist, die den Mittelteil, Fullab- so 
schnitte und Beine bilden, die jeweils eine Ebene 
definieren, wobei die Ebene des IVIittelteils im We- 
sentlichen senkrecht zur Ebene eines jeden der 
Beine veriauft, wobei die Ebene des Mittelteils im 
Wesentlichen parallel zur Ebene eines jeden der 55 
Fuflabschnitte veriauft, wobei der erste und der 
zweite Fufiabschnitt an das erste bzw. das zwette 
Bein angrenzen. 



28. Kern nach Anspruch 24. worin der IVlittelteil des 
Kems eine Breite von etwa 0,370 Zoll und eine LSnr 
ge von etwa 0,390 Zoll aufweist. 

29. Kern nach Anspruch 24, worin die Beine in Nach- 
barschaft des Mittelteils eine erste Breite und vom 
Mittelteil entfernt eine zweite Breite aufweisen, die 
sich von der ersten Breite unterscheidet. 

30. Kern nach Anspruch 24, worin die Bieinabschnitte 
erne Lange von etwa 0.300 Zoll, eine erste Breite 
von etwa 0,370 Zoll, die sich etwa 0,050 Zoll vom 
Mittelteil aus erstreckt, und eine zweite Breite von 
etwa 0,292 Zoll aufweisen, die sich etwa 0,250 Zoll 
uber die erste Breite hinaus erstreckt. 

31. Kern nach Anspruch 24, worin die Breite des Mittel- 
teils gro&er ist als die Breite der Beinabschnitte und 
der Fu&abschnitte. 

32. Kern nach Anspruch 24, worin der Mittelteil des 
Kerns einen Kaltbrlerungsbolzen umfasst, der 
durch ihn hindurch angeordnet ist. 

33. Naherungssensor nach Anspruch 24, worin die 
Querschnittsgestalt des Kerns weiters zwei 
Schwa nzabschnitte umfasst, worin sich jeder 
Schwanzabschnitt von einer AuBenkante eines der 
beiden Fuflabschnitte aus erstreckt und worin die 
Schwanzabschnltte senkrecht zu zwei Fullab- 
schnitten veriaufen. 

34. Kern nach Anspruch 24, worin der Mittelteil eine im 
Wesentlichen planare Deckfiache des Kerns bildet 
und senkrecht zu der Richtung veriauft, die von je- 
dem der beiden Beinabschnitte erzeugt wird, wobei 
die Richtung der beiden Beinabschnitte senkrecht 
zur Richtung der beiden FuHabschnitte veriauft, 
wobei die beiden Fuliabschnitte in einer gemeinsa- 
men Bodenflachenebene liegen, und worin die bei- 
den Beinabschnitte eine Oberfldche definieren, die 
eine ringformige Rille im Kern bildet, die sich von 
der Deckfiache des Kerns aus offnet. 

35. Naherungssensor nach Anspruch 1 , weiters umfas- 
send: 

einen Kalibrierungsbolzen, der durch eine Off- 
nung im Mittelteil des Kerns hindurch angeord- 
net ist, worin der Kalibrierungsbolzen der er- 
sten Abfuhlspule und dem Kern operativ zuge- 
ordnet ist, so dass der Kalibrierungsbolzen ein 
eiektrisches Signal beeinfiusst, dass von der 
ersten Abfuhlspule gemessen wird. 
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36. Naherungssensor nach Ahspruch 35, worin der Ka- 
librierungsbolzen aus einem hochpermeablen Ma- 
terial besteht. 

37. Naherungssensor nach Anspruch 35, worin der Ka- 5 
librierungsbolzen aus eInem Material besteht, das 
aus der aus Weicheisen, Gusseisen und Transfor- 
mator-Strahl bestehenden Gruppe ausgewahlt ist. 

38. Naherungssensor nach Anspruch 35, worin der Ka- io 
librierungsbolzen aus einem Material besteht, das 
eine relative Permeabilltat grower Oder glelch 90 
aufweist. 

39. Naherungssensor nach Ahspruch 35, worin die Po- 15 
sitlon des Kallbrierungsbolzens in Bezug auf den 
MittetteM elngesteljt werden kann, so dass ein in- 
duktiver Bllndwiderstandswert verandert wird, der 
von der ersten Abfuhlspule gemessen wird, die um 
den Kern herum angeordnet ist 20 

40. Naherungssensor nach Anspruch 35. worin der Ka- 
librierungsbblzen eine Gewindeschraube ist. 

41. Naherungssensor nach Anspruch 35, der weiters 25 
eine Schaltung umfasst, die mit der Abfuhlspule ge- 
koppelt ist, um ein Objekt abzufuhlen, das sich in 
einem Abfuhlbereich in Nachbarschaft des Kerns 
befindet. 

30 

42. Naherungssensor nach Anspruch 41, worin die 
Schaltung auch eine Abfuhlspule mit Energle be- 
aufschlagt, um den AbfQhIbereich des Kerns zu 
schaffen. 

35 

43. Naherungsssensor nach Anspruch 35, worin der 
Kern eine Dicke von etwa 0,020 Zoli aufweist. 

44. Naherungssensor nach Anspruch 35, worin die Sei- 
ne in Nachbarschaft des Mittelteils eine erste Breite ^0 
und vom Mittelteil entfemt eine zweite Breite auf- 
weisen, die sich von der ersten Breite unterschei- 
det. 

45. Naherungssensor nach Anspruch 35. worin die Bei- ^5 
ne eine Lange von etwa 0,300 Zoll, eine erste Breite 
von etwa 0.370 Zoll, die sich etwa 0,050 Zoll vom 
Mittelteil aus erstreckt, und eine zweite Breite von 
etwa 0.292 Zoll aufweisen. die sich etwa 0.250 Zoll 
uber die erste Breite hinaus erstreckt. so 

46. Naherungssensor, umfassend: 

ein Element mit einer Deckflache, einer Boden- 
flache und einer Seitenflache. das eine Breite 55 
zwischen der Deck- und der Bodenflache des 

Elements aufweist, worin die Deckflache im All- 
gemeinen planar ist und worin das Element ei- 



nen Hohlraum definiert, der sich von der Deck- 
flache aus in das Element erstreckt. worin ein 
Abschnittdes Elements einen Mittelteil entlang 
der Deckflache des Elements, zwei Fu&ab- 
schnitte an einander gegenuberiiegenden Sei- 
ten des Mittelteils und zwei Beine umfasst, wor- 
in sich jedes der beiden Beine zwischen dem 
Mittelteil und einem Fufiabschnitt erstreckt, 
worin die Fuliabschnitte und die Beine die Bo- 
denflache bzw. die Innenflache des Hohlraums 
bllden, worin die Deck- und die Bodenflache ei- 
ne Dicke aufweisen, die kleineroder gleich 0,06 
Zoll ist, und worin das Element aus einem hoch- 
permeablen Material besteht; 

eine Abfuhlspule, die im Hohlraum angeordnet 
ist, um Magnetfluss-Kommunikation zwischen 
der Abfuhlspule und dem Kern zuzulassen; und 

eine Schaltung, die mit der Abfuhlspule gekop- 
pelt ist, um ein Objekt abzufuhlen, das sich in 
einem Abfuhlbereich in Nachbarschaft zu dem 
Element befindet, worin das Element und die 
Schaltung eine solche Konfiguration und An- 
ordnung aufweisen, dass sie das Vorhanden- 
sein ferromagnetischer, nicht-permeablen und 
magnetischer Ziele detektieren. 

47. Naherungssensor nach Anspruch 46, worin die 
Deck- und die Bodenflache des Elements eine Dik- 
ke unter 0,06 Zoll und uber oder gleich 0.005 Zoll 
aufweisen. 

48. Naherungssensor nach Anspruch 46, worin das 
Element aus einem permeablen Material konstru- 
iertist 

49. Naherungssensor nach Anspruch 46, worin das 
Element eine im Allgemeinen zylindrische Gestalt 
aufweist. 

50. Naherungssensor nach Anspruch 46, worin die 
Breite des Elements im Bereich von 0,2 bis 5 Zoll 
liegt. 

51. Naherungssensor nach Anspruch 46, worin die 
Deckflache vom Auliendurchmesser des Elements 
radial nach auden beabstandet Ist. 

52. Verfahren zum Detektieren des Vorhandenseins ei- 
nes Objektes, das umfasst: 

das Bereitstellen eines Kerns mit einem Quer- 
schnitt mit Omega-Gestalt, der einen Mittelteil, 
zwei Fudabschnitte an einander gegenuberiie- 
genden Seiten des Mittelteils und zwei Beine 
umfasst, die sich jeweils zwischen einem der 
Fuliabschnitte und dem Mittelteil erstrecken; 
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das Bereitstellen zumindest einer Abfuhtspule. 
die urn den Kem herum angeordnet ist; und 

das Messen des Induktiven Blindwiderstands 
uber die Abfuhlspule, und wenn der induktive 
Blindwiderstand ubereinen vorbestimmten Be- 
reich variiert, das Erzeugen eines Signals, urn 
das Vorhandensein des Objekts anzuzeigen. 

53. Verfahren nach Anspruch 52, worin die Beinab- 
schnitte langllch sind und sicii in Querrichtung zum 
Mittelabschnitt und den FuBabschnitten erstreclcen. 

54. Verfahren nach Anspruch 52, das welters das Be- 
reitstellen einer zweiten Abfuhlspule umfasst. die 
urn den Kern herum angeordnet ist. 

55. Verfahren nach Anspruch 52, worin das Objekt ein 
magnetisches Material umfasst. 

56. Verfahren nach Anspruch 52, worin das Objelct ein 
ferromagnetisches Material umfasst 

57. Verfahren nach Anspruch 52, worin das Objekt ein 
leltendes Material umfasst. 



Revendications 

1 . Detecteur de proximlte, comprenant : 

un noyau presentant une section incluant une 
partie centrale, deux portions de pied sur des 
cotes opposes de la partie centrale et deux 
branches s'etendant chacune entre Tune des 
portions de pied et la partie centrale, ou les 
deux branches sont positionnees sur des cdtes 
opposes de la partie centrale ; 

une premiere bobine de detection positionn^e 
autour du noyau ; et 

un circuit coupl6 a la premiere bobine de de- 
tection pour detecter un objet situe dans une 
region de detection adjacente au noyau, ou le 
noyau et le circuit sont configures et agences 
. pour detecter la presence de cibles ferroma- 
gnetiques, non-permeables et magndtiques. 

2. Detecteur de proximite selon la revendication 1 , ou 
les branches sont oblongues et s'etendent transver-. 
salement d la partie centrale et aux portions de pied. 

3. Detecteur de proximity selon la revendication 1, 
comprenant en outre une deuxleme bobine de de- 
tection positionnee autour du noyau, ou les premie- 
re et seconde bobines de detection ont des tours 
enroules autour des branches. 



4. Detecteur de proximite selon la revendication 3, ou 
le circuit excite egalement la bobine de detection 
pour creer la region de detection du noyau. 

5 5. Detecteur de proximite selon la revendication 1 , ou 
le circuit comprend un oscillateur pour exciter la bo- 
bine de detection afin de creer la region de detec- 
tion. 

10 6. Detecteur de proximite selon la revendication 5, ou 
I'oscillateur comporte un circuit oscillateur de sup- 
pression des courants de Foucault. 

7. Detecteur de proximite selon la revendication 5, ou 
15 I'oscillateur comprend un circuit entierement metal- 

lique de detection des pertes par courants de Fou- 
cault. 

8. Capteur de proximite selon la revendication 1 , oCi le 
20 noyau est realise en un materiau permeable. 

9. Detecteur de proximite selon la revendication 1 , ou 
le noyau est realise par un element sensiblement 
rectangulaire presentant piusleurs surfaces sensi- 

25 blement rectangulaires formant la partie centrale, 
les portions de pied et les branches, chacune defi- 
nissant un plan, le plan de la partie centrale etant 
sensiblement perpendtculaire au plan de chacune 
des branches, le plan de la partie centrale etant 

30 sensiblement paraltele au plan de chacune des por- 
tions de pied, les premiere et seconde portions de 
pied etant adjacentes aux premiere et seconde 
branches, respectivement. 

35 10. Detecteur de proximite selon fa revendication 8, ou 
la largeur de la partie centrale du noyau est plus 
grande que la largeur des deux portions de branche 
et des portions de pied. 

40 11. Detecteur de proximite selon la revendication 1 , oii 
le noyau a une epaisseur d'environ 0,020 pouce. 

12. Detecteur de proximite selon la revendication 1 , ou 
la partie centrale du noyau a une largeur d'environ 

45 0,370 pouce et une longueur d'environ 0,390 pou- 
ce. 

13. Detecteur de proximite selon la revendication 1. ou 
les branches ont une premiere largeur adjacente e 

50 la partie centrale et une seconde largeur, differente 
de la premiere largeur, eloignee de la partie centra- 
le. 

14.. Detecteur de proximite selon la revendication 1 , oCi 
55 les portions de branche ont une longueur d'environ 
0,300 pouce, une premiere largeur d'environ 0,370 
pouce s'etendant approximativement sur 0,050 
pouce de la partie centrale, et une seconde largeur 
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d'environ 0,292 pouce s'etendant approximative- 
ment sur 0.250 pouce au-dela de la premiere lar- 
geur. 

15. Ddtecteur de proximite selon la revendication 1, 
comprenant en outre un boTtiersupportant la bobine 
de detection et le noyau. 

16. Detecteur de proximity selon la revendication 1, ou 
la portion centrale du noyau comprend un boulon 
de callbrage. 

17. Detecteur de proximite selon la revendication 16, 
ou le boulon de calibrage est realise en un materiau 
hautement permeable. 

18. Detecteur de proximite selon la revendication 16, 
oD le boulon de calibrage est realise en un materiau 
s^lectionnS dans le groupe constitud de fer mou, de 
fer coul6 et d*ader de transformation. 

19. Detecteur de proximite selon la revendication 16, 
ou le boulon de calibrage est realise en un materiau 
d*une permdabllltd relative 6gale ou sup^rieure ^ 
90. 

20. Detecteur de proximite selon la revendication 16, 
ou la position du boulon de calibrage relativement 
au restant de la partie centrale est ajustable pour 
changer un niveau d'inductance qui est mesure par 
la premiere bobine de detection positionn^e autour 
du noyau. 

21. Detecteur de proximity selon la revendication 16, 
ou le boulon de calibrage est une vis filet^e. 

22. Detecteur de proximite selon la revendication 1, ou 
la forme en section trans versa le du noyau com- 
prend en outre deux portions de queue, ou cheque 
portion de queue s'etend a partird'un bord exterieur 
d'une des deux portions de pied, et ou les portions 
de queue sont perpendiculaires aux deux portions 
de pied. 

23. Detecteur de proximite selon la revendication 1 , ou 
la portion de tete forme une surface superieure sen- 
siblement plane du noyau et est perpendiculaire a 
la direction creee par chacune des deux portions de 
branche, la direction des deux portions de branche 
etant perpendiculaire a la direction des deux por- 
tions de pied, les deux portions de pied se situant 
dans un plan de surface inferieur commun, et ou les 
deux portions de branche ferment une rainure an- 
nulaire dans le noyau qui s*ouvre le long de la sur- 
face superieure du noyau. 

24. Noyau pour utilisation dans un detecteur de proxi- 
mite, ou le noyau comprend une section d'une for- 



me omega presentant une partie centrale, deux 
portions de pied sur des cotes opposes de la partie 
centrale et deux portions de branche s'etendant 
chacune entre Tune des portions de pied et la partie 
s centrale, oCi le noyau est realist en un materiau 
hautement permeable. 

25. Noyau selon la revendication 24, ou les portions de 
branche sont oblongues et s'etendent transversa- 

10 lement a la partie centrale et aux portions de pied. 

26. Noyau selon la revendication 24, oO le noyau est 
realise en un element sensiblement rectangulaire 
presentant plusieurs surfaces sensiblement rectan- 

is gulaires formant la partie centrale, tes portions de 
pied et les branches, chacune definissant un plan, 
le plan de la pariie centrale etant sensiblement per- 
pendiculaire au plan de chacune des branches, le 
plan de la partie centrale 6tant sensiblement paral- 

20 lele au plan de chacune des portions de pied, les 
premiere et seconde portions de pled etant adja- 
centes aux premiere et seconde branches, respec- 
tivement. 

25 27. Noyau selon la revendication 24, ou le noyau a une 
Spaisseur d'environ 0,020 pouce. 

28. Noyau selon la revendication 24. ou la partie cen- 
trale du noyau a une largeur d'environ 0,370 pouce 

30 et une longueur d'environ 0,390 pouce. 

29. Noyau selon la revendication 24, ou les branches 
ont une premiere largeur adjacente a la partie cen- 
trale et une seconde largeur, differente de la pre- 

35 mi^re largeur, 6loign6e de la partie centrale. 

30. Noyau selon la revendication 24, ou les portions de 
branche ont une longueur d'environ 0,300 pouce, 
une premiere largeur d'environ 0,370 pouce s'eten- 

40 dant sur environ 0,050 pouce depuis la partie cen- 
trale, et une seconde largeur d'environ 0,292 pouce 
s'etendant sur environ 0,250 pouce au-dela de la 
premiere largeur. 

45 31 , Noyau selon la revendication 24, ou la largeur de la 
partie centrale est plus grande que la largeur des 
portions de branche et des portions de pied. 

32. Noyau selon la revendication 24, ou la partie cen- 
50 trale du noyau comprend un boulon de calibrage 

positionne d travers celle-ci. 

33. Detecteur de proximite selon ia revendication 24, 
ou la forme en section transversale du noyau com- 

55 prend en outre deux portions de queue, ou cheque 
portion de queue s'^tend d'un bord externe d'une 
des deux portions de pied, et oO les portions de 
queue sont perpendiculaires aux deux portions de 
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pied. 

34. Noyau selon la revendication 24, ou la partle cen- 
trate forme une surface superieure senstblement 
plane du noyau et est perpend iculaire d la direction 
creee par chacune des deux portions de branche, 
la direction des deux portions de branche etant per- 
pendiculaire a la direction des deux portions de 
pied, les deux portions de pied se situant dans un 
plan de surface inf^rieure commun. et ou les deux 
portions de branche definissent une surface qui for- 
me une ralnure annulaire dans le noyau qui s'ouvre 
depuis la surface supdrieure du noyau. 

35. Ddtecteur de proximite selon la revendication 1, 
comprenant en outre : 

un boulon de calibrage positionn^ d travers une 
ouverture dans ta partle centrale du noyau. oD 
le boulon de calibrage est fonctionnellement 
associe a la premiere bobine de detection et au 
noyau de fagon que le boulon de calibrage ait 
une influence sur un signal electrique mesure 
par la premiere bobine de detection. 

36. Detecteur de proximite selon la revendication 35. 
ou le boulon de calibrage est realist en un materiau 
hautement permeable. 

37. Detecteur de proximity selon la revendication 35, 
ou le boulon de calibrage est realise en un materiau 
selectionne dans le groupe constitue de fer mou. de 
fer coul6 et d'acier de transformation. 

38. Detecteur de proximite selon la revendication 35. 
ou le boulon de calibrage est realise en un materiau 
d'une permeabllite relative egale ou superieure a 
90. 

39. Detecteur de proximite selon la revendication 35, 
oil la position du boulon de calibrage relativement 
a la partle centrale est ajustable pour changer un 
niveau d'inductance qui est mesure par la premiere 
bobine de detection positionnee autour du noyau. 

40. Detecteur de proximite selon la revendication 35. 
oCi le boulon de calibrage est une vis flletee. 

41. Detecteur de proximite selon ta revendication 35, 
comprenant en outre un circuit couple a la bobine 
de detection pour detector un objet situe dans une 
region de detection adjacente au noyau. 

42. Detecteur de proximity selon la revendication 41, 
ou le circuit excite egalement la bobine de detection 
pour crSer une region de detection du noyau. 

43. Detecteur de proximite selon la revendication 35, 



ou le noyau a une epaisseur d*environ 0,020 pouce. 

44. Detecteur de proximite selon la revendication 35. 
oil les branches ont une premiere largeur adjacente 

5 a la partle centrale et une seconde largeur, diffdren- 
te de la premiere largeur. a distance de la partle 

centrale. 

45. Detecteur de proximity selon la revendication 35, 
10 Oil les branches ont une longueur d'environ 0,300 

pouce, une premiere largeur d'environ 0,370 pouce 
s'etendant sur environ 0,050 pouce a partir de la 
partie centrale et une seconde largeur d'environ 
0,292 pouce s'etendant sur environ 0,250 pouce 
15 au-dela de la premiere largeur. 

46. Detecteur de proximity, comprenant : 

un ^l^ment pr^sentant une surfece superieure. 
20 une surface inferieure et une surface laterale 

ayant une largeur entre les surfaces superieure 
et inferieure de I'element, ou la surface supe- 
rieure est generalement plane, et ou I'element 
definit une cavity qui s*6tend dans I'element de- 
25 puis la surface superieure. ou une section de 

rei^ment comporte une partie centrale le long 
de la surface superieure de Tel^ment, deux po- 
sitions de pied sur des cotes opposes de la par- 
tie centrale et deux branches, ou chacune des 
30 deux branches s'etend entre la partie centrale 

et une portion de pied, ou les portions de pied 
et les branches torment respectivement la sur- 
face inferieure et la surface Int^rieure de la ca- 
vite, ou les surfaces superieure et Inferieure ont 
35 une epaisseur inferieure ou egale^O.06 pouce, 

et ou I'element est realise en un materiau hau- 
tement permeable ; 

une bobine de detection positionnee dans la 
40 cavlte pour permettre une communication de 

flux magnetique entre la bobine de detection et 
le noyau ; et 

un circuit couple a la bobine de detection pour 
45 detector un objet situe dans une region de de- 

tection adjacente a I'element. ou I'element et le 
circuit sont configures et agencds pour detector 
la presence de cibles fen^omagnetiques, non- 
permeables et magnetiques. 

50 

47. Detecteur de proximite selon la revendication 46, 
ou les surfaces superieure et inferieure de Telement 
ont une epaisseur inferieure a 0,06 pouce et supe- 
rieure ou egale d 0.005 pouce. 

55 

48. Detecteur de proximite selon la revendication 46, 
oCi reiement est realise en un materiau permeable. 
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49. Detecteur de proximity selon la revendication 46, 
oCi r^lement a gen^ralement une forme cylindrique. 

50. Detecteur de proximite selon ta revendication 46, 

ou ia largeur de I'element se situe dans la plage de 5 
0,2 a 5 pouces. 

51. D6tecteur de proximite selon la revendication 46, 
oD la surface superieure est espac6e radtalement 
vers rext6rieur du p6rim6tre exterieur de r§lement. io 

52. Procede de detection de la presence d'un objet qui 
cortiprend : 

reallser un noyau ayant une section d'une for- is 
me om^ga incluant une partie centrale, deux 
portions de pied sur les cotes opposes de la 
partie centrale et deux branches s'etendant 
chacune entre I'une des portions de pied et la 
partie centrale ; 

reallser au molns une boblne de detection po- 
sitionneie autour du noyau ; et 

mesurer Tinductance sur la bobine de detec- 25 
tion, et si IMnductance varie sur une plage pre- 
determinee, produire un signal pour Indlquer la 
presence de I'objet. 

53. Procede selon la revendication 52, ou les portions 30 
de branche sont oblongues et s*6tendent transver- 
salement de la partie centrale et des portions de 

pied. 

54. Procede selon la revendication 52, comprenant en 35 
outre la realisation d'une seconde bobine de detec- 
tion positionn^e autour du noyau. 

55. Procede selon la revendication 52, oCi I'objet com- 
prend un matdriau magnetique. 

56. Procede selon la revendication 52, ou I'objet com- 
prend un mat^riau fen'omagnetique. 

57. Procede selon la revendication 52, ou I'objet com- 45 
prend un materiau conducteur. 
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